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INTRODUCTION.
On i n v i t a t i o n  o f th e  B e lg ia n  F i s h e r i e s  R esea rch  S t a t i o n  t h e  annual 
m eeting  of th e  IF Group was h e ld  a t  Ostend from 2nd to  4 th  A p r i l  I 968 .
Dr. P . HOVART, d i r e c t o r  o f  th e  F i s h e r i e s  R esea rch  S t a t i o n  welcomed 
th e  members o f  IF .  He s t r e s s e d  th e  many im p o r ta n t  t e c h n i c a l  and 
s c i e n t i f i c  a s p e c t s  o f  f i s h e r i e s  r e s e a r c h  w hich have h een  s tu d ie d  hy 
th e  g ro u p , v i z .  th e  p e la g i c  t r a w l ,  f i s h i n g  g e a r  r e s e a r c h  on model, as  
w e l l  a s  f u l l  s c a l e  r e s e a r c h ,  r e s e a r c h  ahou t i n s t r u m e n ta t i o n  and eq u ip ­
ment and , r e c e n t l y ,  s t u d i e s  on f i s h  B ehaviour i n  r e l a t i o n  to  f i s h i n g  
te c h n iq u e s  and t a c t i c s .
He f e l t  t h a t  c o l l a b o r a t i o n  w i th in  th e  IF Group d em o n s tra ted  to  
th e  f u l l  t h a t  im p o r ta n t  problem s can be  d i s c u s s e d  by  a  sm a ll  group 
o f  i n t e r e s t e d  p e o p le .
He p u t  fo rw ard  some s u g g e s t io n s  on th e  t a s k  o f  th e  g ro u p , i t s  
c o m p o s i t io n  and i t s  c h a r a c t e r .
A l l  w i th  a l l ,  he b e l i e v e d  t h a t  t h e  IF Gfxoup c o n t in u e s  to  d em o n s tra te  
t h a t  a s  r e g a r d s  f i s h e r i e s  r e s e a r c h ,  i n t e r n a t i o n a l  c o l l a b o r a t i o n  i s  
p o s s ib l e  and t h a t  t h e  n e c e s s i t y  o f c o l l a b o r a t i o n  needs  n o t  to  be 
em phasized . S c i e n t i f i c  r e s e a r c h  g a in s  i n  e f f i c i e n c y  and e f f i c i e n c y  
means a c c e l e r a t e d  p r o g r e s s .
He e x p re ssed  th e  hope t h a t  t h i s  m eeting  w i l l  p rove  i t  once a g a in .
Item 1
Item 2
Item 3
Item 4
Item 5
Item 6
D r. G. KURO a g reed  to  t a k e  th e  c h a i r  f o r  th e  m eeting  and Mr.
P . VANDROMME ag reed  to  a c t  a s  r a p p o r t e u r .
The programme of t h e  m eeting  was d i s c u s s e d  and th e  fo l lo w in g  
agenda was ag reed  to  by  th e  members s
  -  P ro g re s s  R e p o r t s .
Gear R esearch  s model t e s t s  and com m ercial f i s h i n g  t r i a l s .  
I n s t r u m e n ta t io n  and equipm ent.
P i s h  B ehav iour : problem s r e l a t i n g  to  g e a r .
  -  D ata p r o c e s s in g .
  — O ther B u s in e s s .
The f o l lo w in g  members a t t e n d e d  th e  m eeting  i
D r. P . HOVART -  F i s h e r i e s  R esearch  S t a t i o n
Mr. R. POTTILIIUS S ta d h u is ,  4 e v e r d i e p in g ,
Mr. A. VAU MIDDELEM O stend , BELGIUM.
Mr. A.R. MARGETTS -  M in is t r y  o f  A g r i c u l t u r e ,  F i s h e r i e s  and Food 
Mr. J . P .  BRIDGER F i s h e r i e s  L a b o ra to ry ,  L o w e s to f t ,  ENGLAND.
Mr. P.D. CHAPLIN — White F i s h  A u th o r i t y ,  I n d u s t r i a l  Development U nit
S t .  Andrew’ s Dock 
H u ll  -  ENGLAND.
D r. G. KURO -  I n s t i t u t  S c i e n t i f i q u e  e t  Technique des  Pêohes M aritim es  
5 9 j Avenue Raym ond-Poincaré 
P a r i s  (XVI), FRANCE.
Mr. C. NEDELEC -  C en tre  de R echerches  de l ' I n s t i t u t  S c i e n t i f i q u e  e t
Technique des Pêches M arit im es  
Quai G am betta,
B o u lo g n e -su r -m e r , FRANCE.
D r.  J .  SCHARFE -  I n s t i t u t  f ü r  F a n g te c h n ik
P a l m a i l l e ,  9 
2 ,  Hamburg 56 , GERMANY.
Mr. J .G .  DEWTT -  F i s h e r i e s  D i r e c t o r a t e  -  T e c h n ic a l  R esearch
Mr. E . J .  DE BOER Departm ent
Mr. P . KORBEE Havenkade, 19
Mr. H.C. BESANCON IJm uiden , The NETHERLANDS.
Mr. D.N. MAC LENNAN -  D epartm ent o f  A g r i c u l tu r e  and F i s h e r i e s  f o r
S c o t la n d ,  Marine L a b o ra to ry ,  P .O . Box n r .  101, 
V i c t o r i a  Road — T orry  
A berdeen , SCOTLAND.
Mr. W. DICKSON -  F i s h in g  Gear S e c t io n ,  F .A .O.
V ia  d e l l e  Terme d i  C a r a c a l l a ,
Rome, ITALY.
AGENDA.
ITEM 1 — Progress s_R_epor_ts_1_
P ro g re s s R eport  from F r a nc e .
REPORT ON RECENT IMPROVEMENTS IN THE TECHNOLOGY OF FISHING 
GEAR by  C. NEDELEC
The o b je c t  o f  th e  p r e s e n t  r e p o r t  i s  to  summarize th e  improvements 
o b t a i n e d  in  I 967-68  i n  th e  p a r t i c u l a r  f i e l d  of f i s h i n g  g e a r  te c h n o lo ­
g y .  I t  com prises  t h r e e  s e c t i o n s  d e a l in g  w i th  th e  f o l lo w in g  i te m s  %
-  E v o lu t io n  i n  f i s h i n g  te c h n iq u e s
-  Model t e s t s
-  T h e o r e t i c a l  s t u d i e s  on th e  b a la n c e  o f  f i s h i n g  r i g g i n g  under 
t r a w l in g  c o n d i t i o n s ,  and on th e  p u rs e  s e in e  s in k in g  r a t e .
1 . Evolu t i o n  i n  f i s h i n g  t e c h n iq u e s .
The o u ts ta n d in g  e v e n ts  i n  th e  developm ent o f  commercial f i s h i n g  
a r e  th e  i n c r e a s i n g  u se  o f  p e la g i c  t r a w ls  w i th  Süberkrüb o t t e r - b o a r d s  
i n  i n d u s t r i a l  f i s h i n g ,  and th e  u se  of a new ty p e  o f  bo ttom  t r a w l  hav ing  
a  h ig h  v e r t i c a l  opening  i n  c o a s t a l  f i s h e r y .  R egard ing  th e  e v o lu t io n
of f i s h i n g  v e s s e l s  p r o p e r ,  t h e  i n c r e a s i n g  number of s t e r n  t r a w l e r s  
equipped  w i th  more and more improved a p p a r a tu s  i s  w orth  em phasiz ing .
a) Development o f  p e la g i c  t r a w l s  equ i pped w i t h Süberkrüb o t t e r -  
b o a r ds .■
The now g e n e r a l  u se  o f  n e tz so n d e  on t r a w l e r s  s p e c i a l i z e d  i n  mid­
w a te r  h e r r i n g  f i s h i n g  has  opened th e  way to  th e  u se  o f  p u r e ly  p e la g i c  
t r a w l s  equipped w i th  S ü b e rk ru b - ty p e  o t t e r - b o a r d s .  In  th e  c a se  of 
t r a w l e r s  from B oulogne, Fécamp o r G r a v e l in e s ,  th e  t r a w l s  a r e  e i t h e r  
t h e  l a r g e  ones hav ing  f o u r  eq u a l  o r  u n eq u a l  p a n e l s ,  w i th  an opening 
p e r im e te r  o f  abou t 1 ,400  100 mm meshes o p e ra te d  w i th  o t t e r - b o a r d s  of 
5 to  6 sq m, o r  s m a l le r  t r a w l s ,  a s  a r u l e  w i th  f o u r  e q u a l  p a n e l s ,  
co m pris ing  abou t 1 .000  80 mm meshes a t  th e  o p en in g , w i th  o t t e r - b o a r d s
o f  4 to  5 sq. m. T h is  l a s t  ty p e  o f  t r a w l  o p e ra te d  w i th  800 to  1 .000 HP 
t r a w l e r s  i s  made from  t h i c k e r  tw ine  and seems to  be  s u i t e d  more p a r t i ­
c u l a r l y  f o r  c a tc h in g  h e r r in g  s h o a ls  o f  r e l a t i v e l y  dense  c o n c e n t r a t io n  
a t  n o t  to o  g r e a t  d e p th s .
b) Use o f  a new ty p e  o f  bo ttom  t ra w l  wi t h  h ig h  v e r t i c a l  o p e n in g .
D uring th e  l a s t  two y e a r s  sm a ll  f i s h i n g  c r a f t s  from E ta p le s  (o f
15 to  20 m i n  l e n g th  and 250 to  350 HP) have been  u s in g  a  new ty p e  of
h ig h -o p e n in g  bo ttom  t r a w l .  T h is  t r a w l  developed  from th e  s e m i-p e la g ic  
t r a w l  h av in g  two asym m etric  p a n e ls  i s  c h a r a c t e r i s e d  by  a more im p o r ta n t  
sq u a re  overhang , a body o f r a t h e r  s h o r t  shape and s t r o n g e r  n e t t i n g .
Due to  i t s  r e l a t i v e l y  g r e a t  h e i g h t ,  t h i s  n e t  seems to  be p a r t i c u l a r l y  
a d ap ted  f o r  c a tc h in g  m ain ly  w h i te  f i s h ,  w h i t in g  and cod . I t s  ex trem ely  
s h o r t  shape and i t s  v e r t i c a l l y  f r e e  b e l l y  f u r t h e r  p e rm it  t h e  o p e r a t io n  
o f  t h i s  t r a w l  on r e l a t i v e l y  h a rd  and uneven b o t to m s .
c) Developm ent o f  f i s h i n g  v e s s e l s .
The u se  o f th e  s t e r n  t r a w l in g  method i s  becoming i n c r e a s i n g l y  
p o p u la r .  Twelve l a r g e  i n d u s t r i a l  t r a w l e r s  o f  t h i s  ty p e  a r e  now in  
o p e r a t io n  a t  B oulogne. A s i m i l a r  t r e n d  i s  a l s o  observed  i n  th e  sm all  
f i s h i n g  c r a f t s  ( f o u r  new v e s s e l s ) .
R egard ing  th e  d e t e c t i o n  and t r a w l  c o n t r o l  equ ipm ent, t h e  number 
o f  v e s s e l s  equipped w i th  so n a rs  and n e tz so n d e s  has  in c r e a s e d  c o n s id e ra b l ;  
t h u s ,  28 s o n a rs  ( i . e .  a p p ro x . 50 % of t h e  i n d u s t r i a l  f i s h i n g  f l e e t )  and 
a s c o re  o f  n e tz s o n d e s  have been  r e c o r d e d .
2 .  Model t e s t s .
In  t h i s  r e s p e c t  th e  c o n s t r u c t i o n  a t  B oulogne, i n  1967? of a 
t e s t i n g  t a n k  e s p e c i a l l y  d e s ig n ed  f o r  f i s h i n g  g e a r  models i s  w orth
m e n tio n in g .  With, t h i s  i n s t a l l a t i o n  many e x p er im en ts  f o r  f i s h e rm e n ,  
and t e s t s  h av ing  le d  to  u s e f u l  d a ta  and o b s e r v a t io n s  on th e  b e h av io u r  
o f  v a r io u s  t r a w l  ty p e s  and o t t e r - b o a r d  ty p e s  have been  c a r r i e d  out 
under v e ry  s a t i s f a c t o r y  c o n d i t i o n s .
a) Main cha r a c t e r i s t i c s  of t he t e s t i n g _ t a n k .
The i n s t a l l a t i o n  com prises  a v e r t i c a l l y  a r ra n g e d  c lo s e d  c i r c u i t  
t a n k  i n  which th e  model i s  h e ld  s t a t i o n a r y  i n  a  w a te r  s tream  produced 
by means o f  two coupled  p r o p e l l e r s  d r iv e n  from a 25 HP e l e c t r i c  m otor. 
The ta n k  i s  21 m eter long  and has  a 2 m wide and 1 ,5  m h ig h  o b s e r v a t io n  
c h a n n e l ,  equipped w i th  g l a s s  p a n e ls  a lo n g  4>5 m» The ch an n e l  bo ttom  
c o n s i s t i n g  o f  an e n d le s s  b e l t  can  t r a v e l  a t  th e  same speed a s  t h e  w a te r  
s t re a m , th u s  p r e v e n t in g  th e  fo rm a t io n  o f  s w i r l s  l i k e l y  to  i n t e r f e r e  w ith  
t h s  o p e r a t io n  of th e  model a t  t h a t  l e v e l .  The w a te r  s tre am  speed i s  
a d j u s t a b l e  from 0 to  1 m /sec .
b ) Models deve l o ped a t  th e  t e s t i ng t a n k .
Models o f  v a r io u s  ty p e s  o f  n e t s  p e r t a i n i n g  to  d i f f e r e n t  d e s ig n s  
( w h i t e - f i s h  bo ttom  t r a w l s ,  h ig h  open ing  o r  s e m i -p e la g ic  t r a w l s ,  p e la ­
g i c  t r a w l s  w i th  c o n v e n t io n a l  o t t e r - b o a r d s  o r  Süberkrüb o t t e r - b o a r d s )  
have been  made, th e  s c a l e  v a ry in g  from  l / l 5  to  l /2 5  a c c o rd in g  to  th e  
s i m i l i t u d e  r u l e s  o f  F ro u d e .
The r e d u c t io n  r a t i o s  may ap p ea r  to  be  r e l a t i v e l y  sm a ll  b u t  i f  th e  
f a c t  i s  c o n s id e re d  t h a t  t h e  Cx v a lu e s  a r e  p r a c t i c a l l y  c o n s ta n t  a t  th e  
Reynold numbers o b ta in e d  f o r  th e  v a r i o u s  e lem en ts  o f  th e  o r i g i n a l  and 
o f t h e  model, t h e s e  s c a l e s  may be  c o n s id e re d  a s  a d e q u a te .  B e s id e s ,  
t h e i r  v a lu e s  a r e  r a t h e r  m oderate  i n  com parison  w i th  t h e  l/lOO to  :
1/500  r e d u c t io n  s c a l e s  c u r r e n t l y  used  f o r  s tu d y in g  s h ip  h u l l s  or h a r ­
b o u r  c o n s t r u c t i o n s .
c) O ther  work c o n tem p la te d .
In  a d d i t i o n  to  th e  o b s e r v a t io n s  now b e in g  re c o rd e d  i n  connexion 
w i th  th e  hydrodynamic b e h a v io u r  of th e  v a r io u s  s e c t i o n s  o f  t r a w l  r i g ­
g in g s ,  m easurements a r e  made on models o f  o t t e r - b o a r d s  o f d i f f e r e n t  
s i z e s  and shapes  w i th  a view to  a s c e r t a i n  th e  d rag  and l i f t  v a r i a t i o n s  
a s  a f u n c t i o n  o f  th e  a n g le  of a t t a c k  and th e  a n g le  of i n c l i n a t i o n .  On 
th e  o th e r  hand , i t  w i l l  be  endeavoured to  d e te rm in e  th e  f i e l d  o f speeds  
o f  th e  w a te r  s tream  i n s i d e  and ahead o f th e  n e t  opening  f i t  seems t h a t  
m o d i f i c a t io n s  o f  t h i s  f i e l d  a r e  l i k e l y  to  in f l u e n c e  th e  f i s h  b e h a v io u r ,  
e s p e c i a l l y  under m id -w ate r  f i s h i n g  c o n d i t i o n s .
3 .  M isc e l la n eo u s  s t u d i e s .
a) Pa ra m e te r s  a c t i n g  on th e  f i s h i n g  r i g g i n g  under t r a w l in g  
cond i t i o n s .
Prom many d a ta  r e c o rd e d  d u r in g  a c t u a l  f i s h i n g  g e a r  o p e r a t io n ,  
v a r io u s  r e l a t i o n s h i p s  have heen  d e te rm in ed  i n  connexion  w i th  th e  
s u r f a c e  a r e a  and w eigh t of th e  o t t e r - b o a r d s  o r  th e  t r a w l  tw ine  a r e a  
a s  a f u n c t i o n  of t r a w l e r  b . h . p ,  and a l s o  o f th e  ty p e  o f  t r a w l  o p e ra ted  
(b o tto m , m id-w ate r  o r  d e ep -w a te r  t y p e s ) .  Thus, ex tre m e ly  c o n v en ien t  
c u rv e s  have been  p l o t t e d  which p e rm it  th e  d e te r m in a t io n  b e fo re h a n d ,  
o r  th e  a sc e r ta in m e n t  o f  t h e  main e lem en ts  o f  t h e  t r a w l  g e a r  f o r  a  g iv e n  
power a v a i l a b l e .
b) P u rse  s e in e  s in k in g  r a t e .
The i n f l u e n c e  o f  th e  hanging  r a t e  on th e  p u rs e  s e in e  subm ersion 
r a t e  has  been  de te rm in ed  from t h e o r e t i c a l  f a c t s  c o n ce rn in g  th e  d rag  
produced by  th e  n e t  d u r in g  i t s  im m ersion . However, two main ty p e s  
of p u rs e  s e i n e s ,  i . e .  t h e  Norwegian h e r r i n g  p u rs e  s e in e  and th e  Ameri­
can t u n n y - f i s h  p u rs e  s e i n e ,  o f  w hich th e  hang ing  r a t e  v a lu e s  c o n s t i t u t e  
i n  t h i s  problem two extrem e and o p p o s i te  c a s e s ,  may be  c o n s id e re d  as  
w e l l  a d ap ted  to  th e  s p e c i f i c  b e h a v io u r  o f  th e  e x p lo i t e d  f i s h  s p e c i e s .
D r. KURO inform ed  th e  g roup  t h a t  a f t e r  e x te n s iv e  t r i a l s ,  th e  
s e m i -p e la g ic  t r a w l  deve loped  by th e  S è te  L a b o ra to ry  h a s  r e c e n t l y  been
adop ted  by Spanish  f ish e rm e n  i n  th e  Malaga a r e a .
He a l s o  r e p o r t e d  on th e  p ro g r e s s  made i n  t h e  f i e l d  o f th e  f i s h i n g
w ith  l i g h t  and i n  th e  f i e l d  of th e  e l e c t r i c a l  f i s h e r y .
P r o g re s s  R ep o r t  f rom Eng la n d .
PROGRESS REPORT ON PISHING GEAR EXPERIMENTS AT THE FISHERIES 
LABORATORY, LOWESTOFT by A.R. MARGETTS
F i s h i n g .
A c t i v i t y  i n  th e  f i e l d  o f  p e la g i c  t r a w l in g  was l i m i t e d  to  u n d e r -
w a te r  o b s e r v a t io n s  and. pho tography  o f a h a l f - s c a l e  n e t  w i th  r ig g i n g  
m o d i f i c a t io n s ,  c o n t in u in g  i n  home w a te r s  th e  programme begun i n  Cor­
s i c a  i n  1966 .
t
R.V. CORELLA was te m p o r a r i ly  f i t t e d  f o r  p u r s e - s e i n i n g  and shown 
to  be  c a p a b le  o f  t h i s  method o f f i s h i n g .
The p a r t i c u l a r  s e r i e s  o f  b o t to m - t r a w l  co m p ara tiv e  f i s h i n g  e x p e r i ­
ments r e f e r r e d  to  i n  e a r l i e r  I . F .  r e p o r t s  and in v o lv in g  th e  r e s e a r c h  
v e s s e l s  EXPLORER and ERNEST HOLT of t h e  Aberdeen and L ow esto ft  l a b o r a ­
t o r i e s  r e s p e c t i v e l y  was concluded  w i th  one experim en t i n  I 967 » In  t h i s  
a s ta n d a rd  G ran ton  t r a w l  was compared w i th  a h i g h e r - h e a d l in e  t r a w l  
f i t t e d  w i th  doub le  120 m b r i d l e s  and curved  o t t e r  b o a r d s .  In  B a re n ts  
Sea w in te r  d a rk n e ss  th e  G ranton  t r a w l  caugh t more f i s h .  In  t h i s  e x p e r i ­
ment t h e r e  were t im e s  when i d e n t i c a l  g e a r s  were f i s h e d  s im u l ta n e o u s ly  
from b o th  s h ip s ,  and th e n  t h e i r  c a tc h e s  were v e ry  s i m i l a r ,  i n d i c a t i n g  
t h a t  t h e r e  was no im p o r ta n t  s h ip /g e a r  i n t e r a c t i o n  w i th  t h e s e  s h ip s  and 
g e a r s  under t h e  p a r t i c u l a r  c o n d i t i o n s .
I n s t r u m e n t a t i o n .
Development work c o n c e n t r a te d  on th e  a c o u s t i c  a rc h  w hich , though 
p r i m a r i l y  in te n d e d  f o r  u s e  w i th  bo ttom  t r a w l s ,  may a l s o  be  u s e f u l  w i th  
p e la g i c  t r a w l s .  The a rc h  i s  e s s e n t i a l l y  a number o f  t r a n s d u c e r s  i n  
s e r i e s  a r ra n g e d  so t h a t  th e y  f a c e  v e r t i c a l l y  downwards a c r o s s  th e  mouth 
o f  th e  t r a w l  to  a llow  t h a t  space  to  be a c o u s t i c a l l y  s can n ed . I f  one 
a rc h  i s  over th e  space  betw een o t t e r  b o a rd s  and a n o th e r  i s  on th e  
h e a d l i n e ,  by  c o u n t in g  th e  f i s h  seen  by each a rc h  an e s t im a te  might be 
made of t h e  e f f i c i e n c y  of th e  t r a w l .
So f a r ,  o n ly  a  p r o to ty p e  has  been  t e s t e d  a t  s e a .  R e s u l t s  from  t h i s  
were en co u rag in g ,  and c o n s t r u c t i o n  of a number o f  i d e n t i c a l  u n i t s  which 
can  be l in k e d  to g e th e r  i n  s e r i e s  a s  r e q u i r e d  i s  now p ro c e e d in g .  Each 
u n i t  c o n ta in s  two t r a n s d u c e r s ,  one t r a n s m i t t i n g  and one r e c e i v i n g ,  and 
i t s  own t r a n s m i t t e r  w hich i s  f i r e d  from a d e la y  c i r c u i t .  D elay  i s  
v a r i e d  i n  each u n i t  a c c o rd in g  to  i t s  p o s i t i o n  i n  th e  a r c h .  In  t h i s
way an a r c h ,  o r  th e  mouth of th e  t r a w l ,  can be covered  i n  a tim e
p e r io d  l i m i t e d  by s i g n a l  t r a n s i t  t im e  i n  th e  medium -  w hich cou ld  mean
t h a t  a bo ttom  t r a w l  h e a d l in e  a rc h  cou ld  be scanned som ething l i k e  te n
tim e s  p e r  second . The system  u t i l i z e s  100 kHz t r a n s d u c e r s  w i th  a  beam 
a n g le  o f  2 0 ° .  Power s u p p l i e s ,  t r i g g e r  p u l s e s ,  and r e c e iv e d  s i g n a l s  a re  
c a r r i e d  by a c a b le  be tw een s h ip  and t r a w l .  A 48  cm wide Alden r e c o r d e r  
i s  used  i t h e  s i g n a l  p a th s  a r e  d i s p la y e d  i n  sequence  a c r o s s  th e  reco rd e ;  
p aper  and p r o v i s io n  i s  made f o r  th e  e l e c t r o n i c  p r o c e s s in g  o f t h e  s ig n a l  
f o r  c o u n tin g  p u rp o s e s .
F i r s t  u se  o f  a " p ro d u c t io n  model" o f  th e  a c o u s t i c  a r c h  w i l l  bo i n  
August 1968 .
A s h ip -b o rn e  s e c to r - s c a n n in g  so n ar  i s  a t  p r e s e n t  b e in g  f i t t e d  in  
R.V. CLIONE and i s  exr>ected to  be i n  u s e  i n  J u l y  I 968 . T h is  a p p a ra tu s  
w i l l  have a ra n g e  of 4OO m and scan  a 30° s e c to r  a t  10 .000 t im es  i>er 
second . The r e s o l u t i o n  of th e  beam i s  0 . 3 ° .  The s t a b i l i z a t i o n  w i th in  
th e  s h ip  w i l l  be  to  0 . 5 ° .
Mr. CHAPLIN r e p o r t e d  on th e  developm ent o f  th e  n e t  drum system 
i n  th e  U n ited  Kingdom, e s p e c i a l l y  on th e  n e t  drum i n s t a l l a t i o n  on th e  
t r a w l e r  "Ross D a r in g " .
P r o g re s s  Report  from S c o t la n d .
Mr. MAC LENNAN r e p o r t e d  t h a t  a t  t h e  M arine L a b o ra to ry ,  A berdeen, 
a computer b ased  d a ta  lo g g in g  system  i s  b e in g  developed  to  f u r t h e r  
th e  u n d e rs ta n d in g  o f t r a w l  g e a r  b e h a v io u r .  T h is  in s t ru m e n t  w i l l  p e r ­
m it t h e  a n a l y s i s  o f  th e  d i f f e r e n t  p a r t s  of th e  n e t  a s  w e l l  a s  th e  
r e a c t i o n s  and b e h a v io u r  o f  th e  f i s h  i n  and to  th e  f i s h i n g  g e a r .
A new s id e —tr a w l e r  i s  u n d e r 'c o n s t r u c t i o n  ( d e l i v e r y  d a te  A u g u s t ) .  
T h is  v e s s e l  w i l l  e s p e c i a l l y  be  used  f o r  g e n e r a l  f i s h i n g  g e a r  s t u d i e s .
A nother new s t e r n  t r a w l e r  (210 f e e t )  w i l l  be  b u i l t  to  r e p l a c e  
t h e  " S c o t ia "  (’1971 ) .
T raw lin g  g e a r  t e s t s  (on  h a l f - s c a l e  model i n  t a n k  and on f u l l  s c a l e  
model) were c a r r i e d  ou t to  s tu d y  th e  r i g g i n g  o f th e  g e a r  i n  view o f th e  
i n d u s t r i a l  f i s h e r y  i n  th e  deepe r  w a te r s  o f  t h e  A t l a n t i c  Ocean ( i . e .  
R o c k a l l  and P o rcu p in e  a r e a s ) .
P ro g re s s  R eport  from th e  N e th e r la n d s .
Mr. DE WIT gave a s h o r t  r e p o r t  on th e  improvement o f  th e  Dutch 
f i s h i n g  f l e e t  s t r u c t u r e  and o f th e  equipment i n s t a l l e d  aboard  th e  
Dutch f i s h i n g  v e s s e l s .
New f i s h i n g  te c h n iq u e s  a r e  c u r r e n t l y  b e in g  in t r o d u c e d  ( e . g .  w inches)
The Dutch shrimp f i s h e r y  i s  now changing  i t s  o r i e n t a t i o n .  The 
p r i n c i p l e  o f  p r o t e c t i n g  th e  shrim ps and th e  u n d e r s iz e d  f i s h  by means 
o f  a s e l e c t i v e  t r a w l  i s  g r a d u a l ly  b e in g  abandoned i n  fa v o u r  of an 
a u to m a tic  s o r t i n g  machine which has  r e c e n t l y  been  d e v e lo p e d .  T h is  
machine p e rm i ts  th e  s i f t i n g  o f  th e  shrim ps and th e  f i s h  and a l lo w s  
th e  s m a l le r  specim ens to  be  r e t u r n e d  a l i v e  to  th e  s e a .
E xperim en ts  have a l s o  b een  c a r r i e d  w i th  p e la g i c  t r a w l s  and h e r r in g  
s e in e  n e t s .  These e x p er im en ts  however were n o t  as  y e t  v e ry  s u c c e s s f u l .
The new r e s e a r c h  v e s s e l  " T r id e n t"  i s  s h o r t l y  to  be  com m issioned. 
The s h ip  has  a  l e n g th  o f  61 m, i s  equipped  w i th  two m otors  (1200 and 
600 hp) , a  pneum atic  w inch , a r e v e r s i b l e  p r o p e l l o r ,  e t c .
T hree  l a b o r a t o r i e s  w i l l  a llow  th e  s im u lta n eo u s  c a r r y in g  ou t of 
d i v e r s i f i e d  r e s e a r c h .
Prog r e s s  R eport  f r om B elg ium .
Mr. VAN MIDDELEM r e p o r t e d  on th e  B e lg ia n  a c t i v i t i e s .  D uring th e  
p a s t  y e a r ,  th e  r e s e a r c h  has  been  m a in ly  c o n c e n t r a te d  on shrim p beam 
t r a w l in g  w i th  n e t s  f i t t e d  w i th  a s i e v e .  A c o n v e n t io n a l  n e t  on s t a r ­
b o a rd  was compared w i th  seven  d i f f e r e n t  shrim p t r a w l s  on p o r t  equipped 
w i th  a  s i e v e .  The t e s t s  have shown t h a t  on ly  two n e t s  can be  r e t a i n e d  
f o r  f u r t h e r  r e s e a r c h .  I t  i s  in te n d e d  to  c a r r y  ou t f u r t h e r  t e s t s  w i th  
t h e s e  n e t s  e s p e c i a l l y  a s  r e g a r d s  t h e i r  s e l e c t i v i t y ,  th e  p o s i t i o n  of 
th e  s i e v e  and th e  b e h a v io u r  o f  th e  sh r im p s .
The shrim p n e t s  w i th  s ie v e  a llow  an e a s i e r  h a n d l in g  o f th e  c a tc h ,  
t h e  q u a l i t y  o f  th e  shrim ps i s  b e t t e r  a s  t h e  shrim ps s u f f e r  l e s s  damage 
and th e  number o f  u n d e r s iz e d  f i s h  i s  red u ced  to  a  minimum.
F u r th e r  r e s e a r c h  w i l l  t r y  to  d e te rm in e  th e  c h a r a c t e r i s t i c s  of 
t h e s e  n e t s .
In  c o l l a b o r a t i o n  w i th  th e  N e th e r la n d s  a Furuno w i r e l e s s  n e t  echo -  
sounder o f  J a p a n e se  c o n s t r u c t i o n  was a l s o  t e s t e d  i n  o rd e r  to  examine 
th e  t e c h n i c a l  p o s s i b i l i t i e s  o f  t h i s  in s t ru m e n t  i n  r e l a t i o n  to  th e  p l o t ­
t i n g  q u a l i t y ,  t h e  r e l i a b i l i t y ,  t h e  s y n c h r o n iz a t io n ,  e t c .
The w i r e l e s s  n e t  echosounder a t t a c h e d  to  th e  head rope  o f th e  n e t  
em its  a c o u s t i c  im p u lses  to  th e  r e c e i v e r  which i s  towed under w a te r  
b eh in d  th e  s t e r n  o f th e  v e s s e l .  The r e c e i v e r  i s  e l e c t r i c a l l y  connec ted  
to  th e  n e t  r e c o r d e r  i n s t a l l e d  on b o a rd .
The ex p er im en ts  to o k  p la c e  i n  th e  S i l v e r  P i t  aboard  th e  Dutch 
f i s h e r i e s  r e s e a r c h  v e s s e l  "Willem B eu k e lszo o n " .
The n e t  used  was a p e la g i c  n e t  composed o f  two eq u a l  p a r t s  w i th
160 mm meshes f o r  th e  w ings and 40 mm meshes f o r  th e  cod end. Suber—
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krüb o t t e r  b o a rd s  (a p p ro x im a te ly  1 m ) were u se d .
The n e t  echosounder i n d i c a t e d  a n e to p en in g  of +_ 5*50 m 5 h e a d l i n e ,  
g ro u n d ro p e ,  f i s h  c o n c e n t r a t io n s  and sea -b e d  were c l e a r l y  p l o t t e d .
The o p e r a t io n  o f th e  w i r e l e s s  n e t  echosounder and th e  s t a b i l i t y  
of th e  s y n c h r o n iz a t io n  i n  d eep e r  w a te r  c o n s t i t u t e  p o i n t s  f o r  f u r t h e r  
r e s e a r c h .
A d e t a i l e d  r e p o r t  w i l l  b e  p re s e n te d  a t  th e  end of th e  m eeting .
P r o g re s s  R ep o r t  from  Norwa y .
A lthough Norway i s  n o t  a member o f  th e  IF Group , an o b se rv e r  
a t t e n d e d  th e  m eeting  so t h a t  Norway may keep a b r e a s t  of t h e  r e s e a r c h  
a c t i v i t i e s  o f  th e  IF Group.
Mr. SUNDNESS r e p o r t e d  on th e  Norwegian n o i s e  and a c o u s t i c  s t u d i e s  
now b e in g  c a r r i e d  ou t c o n s e c u t iv e  to  th e  growing d i f f i c u l t i e s  encoun­
t e r e d  by th e  Norwegian p u rs e  s e i n e r s  to  c a tc h  h e r r i n g .
P r o g r e s s  Repo r t  f r o m Germany.
Dr. SCHÄRPE r e p o r t e d  on th e  im p o r ta n t  German work c o n ce rn in g  th e  
com m ercial m idwater t r a w l in g  f o r  h e r r i n g .
P e la g ic  n e t s  w i th  v e ry  l a r g e  n e to p en in g  (33 to  37 m) were v e ry  
s u c c e s s f u l  i n  th e  West—A t l a n t i c  h e r r i n g  f i s h e r y  (G eorges Bank and 
South New J e r s e y ) .  D uring  th e  p e r io d  J u l y —December, 1 3 / l4  t r a w l e r s  
made 26 t r i p s  and caugh t 26 .000 to n s  o f  h e r r i n g  (on  a v e rag e  60 to  80 
to n s  p e r  v e s s e l  p e r  d a y ) .  A l l  f i s h  were f i l l e t e d  and d e ep f ro ze n  and 
p a r t l y  r e s h ip p e d  i n  S t .  P i e r r e - e t  M iquelon .
As r e g a r d s  th e  A t la n to -S c a n d ic  h e r r i n g ,  th e  f i s h i n g  c o n d i t io n s  
fu r ther d e t e r i o r a t e d .  Only poor f a s t  r e a c t i n g  c o n c e n t r a t i o n s  were 
e n c o u n te re d .  P u rse  s e i n i n g ,  d r i f t i n g  and m idw ater t r a w l in g  f a i l e d .
" O u tw i t t in g  th e  f i s h "  w i th  c o n s id e r a b ly  l a r g e r  g e a r  seemed to  
be  a  s o l u t i o n  to  t h i s  p rob lem . Bottom t r a w l s  w i th  l a r g e  n e to p e n in g s  
(2 .0 0 0  meshes i n  c irc u m fe re n c e  o f 20 cm ( s t r e t c h e d ) ,  meshes a t  th e  
n e t  mouth s t r e t c h e d  to  56 cm) gave s a t i s f a c t o r y  r e s u l t s .
D r. SCHARFE i n s i s t e d  t h a t  th e  y i e l d  of th e  h e r r i n g  f i s h e r y  w i th  
t h e  p e la g i c  t r a w l  depends to  a g r e a t e r  e x te n t  on t h e  n e to p en in g  th a n  
on th e  tow ing  sp eed , which may be red u ced  to  1 ,8  -  2 ,2  knots even f o r  
t h e  l a r g e s t  t r a w l s .
O ther a c t i v i t i e s  d u r in g  th e  p a s t  y e a r  in c lu d e d  n e t  model t e s t s  
to  s tu d y  c i r c u l a r  o t t e r  b o a rd s ,  th e  sa v in g  i n  tow ing r e s i s t a n c e  by 
means o f  in c r e a s e d  mesh s i z e s ,  t h e  c a l i b r a t i o n  o f  sp eed o m ete rs ,  th e  
improvement o f  m easuring  methods and equ ipm en t.
F u r th e r  s t u d i e s  on th e  h e r r in g  m idwater t r a w l in g  te c h n iq u e  were 
c a r r i e d  ou t to  improve th e  aim ing e f f i c i e n c y ,  th e  h o r i z o n t a l  aiming 
a f t ,  e t c .
To im prove th e  c a tc h in g  e f f i c i e n c y  l a r g e r  n e t s  a t  lower speeds 
have heen  t e s t e d  ( " o u t w i t t i n g " ) .
P r e l im in a r y  f i s h i n g  t r i a l s  on s a i t h e  were c a r r i e d  ou t w i th  th e  
new combined bo ttom  and m idwater t r a w l .
The b u i l d i n g  o f a  new r e s e a r c h  v e s s e l  i s  b e in g  p lanned  to  r e p l a c e  
th e  "Anton D ohrn" . The v e s s e l  w i l l  be  a  su p er  s t e r n  t r a w le r  o f  3 .6 0 0 /  
4 .0 0 0  hp equipped  w i th  t h e  b e s t  and newest a c o u s t i c  equ ipm ent.
P ro g re s s  R eport  from  th e  FAQ.
T h is  r e p o r t  was p re s e n te d  by Mr. DICKSON. The main a c t i v i t y  
concerned  th e  p r e p a r a t i o n  of th e  FAO C onference  on F i s h  B ehaviour i n  
r e l a t i o n  to  f i s h i n g  te c h n iq u e s  and t a c t i c s  (B e rg e n ) .
D i f f e r e n t  t r a w l s  were a l s o  s tu d ie d  (J a p a n e se  t r a w l s ,  t h e  G ranton  
t r a w l  e t c . ) .
ITEM 2 — G_ear_R_es_earch j_ Mode_l _t_e_sts and £Ojnm¿r¿ia.l_f_ish.ing_txxia,l_s.
a) Mode l  t e s t s .
Mr. NEDELEC gave a  d e s c r i p t i o n  o f t h e  model t e s t i n g  ta n k  r e c e n t l y  
i n s t a l l e d  a t  B ou logne-su r-M er and i n  w hich he c a r r i e d  ou t t e s t s  on sm all 
s c a l e  models ( l / 25t h  and l / 50 th )  of bo ttom  and s e m i-p e la g ic  t r a w l s .
13.
Mr. DICKSON exposed th e  d i f f i c u l t i e s  i n h e r e n t  to  sm a ll  s c a l e  models 
v i z .  t h e  v a r i a t i o n  of c e r t a i n  f a c t o r s  a s  d rag  r e s i s t a n c e  and buoyancy.
D r. SCHARFE a l s o  u n d e r l in e d  th e  d i f f i c u l t i e s  e n co u n te red  d u r in g  
th e  s tu d y  o f v e ry  sm all  s c a l e  m odels , e s p e c i a l l y  a s  r e g a r d s  th e  r i g g i n g  
which canno t he  e x a c t ly  r e p ro d u c e d .  He p r e f e r s  l a r g e r  models ( s c a l e  
1 /4 t h ) .
Mr. NEDELEC i s  of th e  o p in io n  t h a t  i f  t h e r e  a r e  d i f f i c u l t i e s  th e  
t e s t s  a r e  n e v e r t h e l e s s  p r a c t i c a b l e  and a llow  th e  c o l l e c t i o n  o f  accep ­
t a b l e  d a t a .
Dr. SCHARFE b r i e f l y  o u t l i n e d  h i s  t r i a l s  w i th  a sm a ll  s c a l e  model 
( l / 4 t h )  o f  com bina tion  m idwater and bo ttom  t r a w l  towed by a  sm a ll  c u t ­
t e r  (14  m) a t  a speed o f 2 k n o ts  ( h a l f  t h e  norm al s p e e d ) .
A f i l m  o f t h i s  co m b in a tio n  t r a w l  i n  a c t i o n  ta k e n  by d i v e r s  was 
p r o j e c t e d .
b) Commercial F i s h in g  T r i a l s .
D r. SCHARFE r e p o r t e d  on th e  e x p er im en ts  aboard  th e  "W alte r  Herwig" 
to  improve th e  " A t la n to —Scandic"  h e r r in g  c a tc h e s  by u s in g  a l a r g e  mid­
w a te r  t r a w l  ( 2 .OOO meshes (20 cm s t r e t c h e d )  i n  c i r c u m fe re n c e ,  h e a d l in e  
80 m, w ings and n e t  mouth w i th  5 6 cm meshes ( s t r e t c h e d ) ,  b r i d l e s  of 
200 à  25O m) and l a r g e  Süberkrüb o t t e r  b o a rd s  o f  12 ,5  m • 4 m u l t i ­
d i r e c t i o n a l  n e tz so n d e  was a t t a c h e d  to  th e  n e t  and gave r e l i a b l e  i n d i ­
c a t i o n s  on t h e  d i f f e r e n t  p a r t s  o f  t h e  n e t  and on th e  b e h a v io u r  of th e  
f i s h  i n  f r o n t  o f  and i n  th e  mouth of th e  n e t .
At a speed o f 1 .8  — 2 . 2 .  k n o ts  t h e  v e r t i c a l  n e t  opening was 
33 to  37 m.
I t  seemed t h a t  i f  t h e  n e t  i s  l a r g e  enough, i t  i s  advan tageous  to  
re d u c e  th e  tow ing sp eed .
On av e rag e  46  to n s  o f  f i s h  p e r  hour were c a u g h t .  Some h a u ls  
amounted to  80 t o n s .  T h is  c o n s t i t u t e s  a  maximum w e igh t a  m iddle  
c l a s s  s t e r n  t r a w le r  can h a n d le .
Dr. SCHARFE p re s e n te d  a second r e p o r t  on a new ty p e  of com bina tion  
s e m i-p e la g ic  and bo ttom  t r a w l  w i th  a l a r g e  v e r t i c a l  n e t  op en in g . When 
towed on th e  sea -b ed  t h i s  a sy m m etr ica l  n e t  has  a  v e r t i c a l  opening from 
6 to  9 m a c c o rd in g  to  t h e  r i g g i n g  used  and i n  deep w a te r ,  an opening 
o f  a p p ro x im a te ly  11 m can be  o b ta in e d .  The c i rc u m fe re n c e  o f  th e  n e t  
i s  804 meshes o f  18 cm ( s t r e t c h e d ) .
The r e s u l t s  f o r  spawning h e r r in g  were v e ry  s a t i s f a c t o r y  s on
av e rag e  th e  c a tc h e s  amounted to  4*5« to n s  p e r  hour w hereas  th e  v e s s e l s
u s in g  th e  c l a s s i c a l  g e a r  on ly  caugh t 1 .3  t o n s  p e r  h o u r .
The r ig g i n g  of th e  n e t  c o n s i s t e d  o f  100 m b r i d l e s  and Suberkrub 
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b o a rd s  o f  8 m .
These a r e  on ly  p re l in m in a ry  r e s u l t s .  I t  may be assumed t h a t  such 
a t r a w l ,  d e s ig n ed  to  work on h a rd  bo ttom s w i th  o n ly  t h e  g roundrope  
to u c h in g  th e  b o tto m , co u ld  be  used  on th e  Newfoundland f i s h i n g  g ro u n d s .
The c o n t r i b u t i o n s  r e g a r d in g  th e  m idwater t r a w l i n g  developm ents  
and th e  new com bina tion  m idwater and bo ttom  t r a w l  p r e s e n te d  by 
D r. SCHARFE h av ing  a l r e a d y  been  p u b l i s h e d ,  th e  fo l lo w in g  b ib l io g r a p h ic  
r e f e r e n c e s  can be  g iv e n  î
a) "B e s se re  T r e f f s i c h e r h e i t  f ü r  d i e  Schw im m sch leppnetz-F ischero i"  
A llgem eine  F i s c h w i r t s c h a f t s z e i t u n g ,  20 . J ah rg an g  1968, n r .  1 -2 ,  
S e i t e n  35 -3 8 .
b) " U b e r l i s t u n g s " - T a k t i k  m it v e r b e s s e r t e r  T r e f f s i c h e r h e i t  f ü r  d ie  
Schwimmschleppnetz—F i s c h e r e i  au f  a t l a n t o —sk an d isc h en  H e r in g " .  
In fo rm a t io n e n  f ü r  d i e  F i s c h w i r t s c h a f t ,  I 4 . J a h rg an g  1967? H eft 
6 ,  S e i te n  11 -22 .
c) " F o r t s e tz u n g  d e r  F angversuche  m it g r ö s z e r e n ,  g ro szm asch igen  
H eringsschw im inschleppnetzen  au f  a t l a n to - s k a n d i s e h e n  H ering  m it 
den T raw le rn  "C. Kämpf" und " J .  Homann" vom 13.-29*1« und 2 2 . 2 . -  
IO .3 . I 968" .  In fo rm a tio n e n  f ü r  d i e  F i s c h w i r t s c h a f t ,  15« J a h r ­
gang 1968 , H eft  2 .
d) " F i s c h e r e i l i c h e  Erprobung e in e s  n e u a r t ig e n  k o m b in ie r te n  Grund- 
und Schwimmschleppnetzes m it dem T raw le r  " C a r i  Kämpf" 2 5 « /2 6 .2 .6 8  
In fo rm a t io n e n  f ü r  d i e  F i s c h w i r t s c h a f t ,  15« Jah rg an g  1968 ,H eft 2 .
ITEM 3 -  ¿n jä trum en ta t^on  and Eq^ijamenjt.
Mr. CHAPLIN inform ed th e  m eeting  on th e  developm ent o f  th e  no t 
drum system  i n  t h e  U n ited  Kingdom. The b a s i c  f e a t u r e  o f t h i s  system  
i s  t h a t  th e  e n t i r e  t r a w l ,  a f t  of th e  d o o rs ,  i s  wound on to  a  s i n g l e  
l a r g e  drum a s  f a r  a s  i s  n e c e s s a ry  f o r  th e  crew to  t a k e  h o ld  of th e  
c o d -en d , l i f t  i t  and empty i t .
T h is  system  n o t  o n ly  a l lo w s  a sav in g  i n  manpower to  h an d le  th e  
t r a w l ,  b u t  w i l l  re d u c e  a t  th e  same t im e ,  th e  manual e f f o r t  r e q u i r e d  
and improve th e  s a f e t y  o f  th e  o p e r a t i o n .  A copy o f th e  paper  p resenter! 
by Mr. CHAPLIN is in c lu d e d  i n  t h i s  r e p o r t  (Annex i ) .
Mr. MAC LENNAN p re s e n te d  th e  f i r s t  p a r t  o f  h i s  v e ry  t e c h n i c a l  
r e p o r t  "N otes  on I n s t r u m e n ta t io n  D esign  r e l e v a n t  to  th e  a p p l i c a t i o n  
o f  Computer T echn iques  to  Gear R e s e a rc h " .  T h is  p ap er  i s  in c lu d e d  i n  
t h i s  r e p o r t  (Annex i ) .
The computer b a sed  d a ta  lo g g in g  system  now b e in g  developed  was 
b r i e f l y  d e s c r ib e d  a s  was th e  i n s t r u m e n ta t io n  and a s s o c i a t e d  hardw are  
w hich w i l l  be  used  o n - l i n e  to  th e  computer i n  f u l l  s c a l e  g e a r  t r i a l s .  
The measurem ents to  be  made a r e  d iv id e d  i n t o  two g ro u p s ,  th o s e  made on 
th e  s h ip  and th o s e  r e l a t i n g  to  th e  u n d e rw a te r  p a r t s  o f  th e  g e a r .  The 
fo rm er  g roup  can  be  co n n ec ted  to  th e  system  i n  a  c o n v e n t io n a l  way. 
However, th e  l a r g e  d i s t a n c e  s e p a r a t i n g  n e t  and b o a rd  in s t ru m e n ts  from 
th e  s h ip  made i t  n e c e s s a r y  to  employ t e l e m e t r y  t e c h n iq u e s  f o r  under­
w a te r  m easurem ents . A d e t a i l e d  d e s c r i p t i o n  of th e  two t e l e m e te r s  l i n k s  
in te n d e d  f o r  o p e r a t io n  from  an o t t e r  b o a rd  and th e  n e t  r e s p e c t i v e l y  
was g iv e n  ( s e e  i tem  5 ) .
Mr. DE BOER p re s e n te d  a f i l m  showing th e  a u to m a t ic  s o r t i n g  machine 
(sh rim p  s ie v e )  i n  opera/fcion. T h is  a p p a r a tu s  a l lo w s  th e  au to m a tic  s o r ­
t i n g  o f  t h e  commercial sh r im p s ,  t h e  l a r g e r  f l a t f i s h  and f i n a l l y  th e  
s m a l le r  f i s h  and th e  young shrim ps which a r e  r e tu r n e d  m o s tly  a l i v e  
to  th e  s e a .  The machine has  b een  i n s t a l l e d  on some beam t r a w l e r s  of 
18 to  25 m ( I 8O to  600 hp) c a r r y in g  ou t e i t h e r  th e  shrim p o r so le '-  
f i s h e r y .
A copy o f t h i s  f i l m  c a l l e d  " G a r n a l e n v i s s e r i j "  ( n r .  B— 60-5) can be  
o b ta in e d  th ro u g h  th e  in te r m e d ia r y  o f  th e  Embassy o f t h e  N e th e r la n d s .
Mr. DE BOER a l s o  showed a number o f  s l i d e s  o f  th e  d i f f e r e n t  ty p e s  
o f  w inches  c u r r e n t l y  i n  u se  on th e  Dutch beam t r a w l e r s  c a r r y in g  out 
th e  f l a t - f i s h  f i s h e r y ,  e s p e c i a l l y  th e  s o le  f i s h e r y .  These w inches a r e  
c o m p le te ly  a u to m a tic  and e n t i r e l y  c o n t r o l l e d  from  th e  w heel-house  s 
85 h p ,  2 s e p a r a t e  drums, h ig h  r e s i s t a n c e  w ire s  (30  to n s )  n e c e s s i t a t e d  
by  th e  v e ry  heavy r i g g i n g  ( 1 ,400 kg o f  c h a i n s ) .  A lread y  46O t r a w l e r s  
ta k e  p a r t  i n  t h i s  f i s h e r y  which i s  so re m u n e ra t iv e  t h a t  even  c e r t a i n  
l a r g e r  t r a w l e r s  o f  32 m (1 ,2 0 0  hp) have been  a d ap ted  f o r  t h i s  f i s h e r y .
Mr. NEDELEC p o in te d  ou t t h e  danger o f  o v e r f i s h in g  th e  p o p u la t io n s  
and th e  p o s s i b l e  d e s t r u c t i o n  o f th e  f i s h i n g  g rounds c o n s t a n t l y  ploughed 
up by th e  numerous and so h e a v i l y  r ig g e d  t r a w l s .  T h is  r i s k  was however 
n o t  e v id e n t  to  some IP-members i n  s p i t e  of th e  r e c e n t  s t a t i s t i c s  which 
te n d  to  show t h a t  500 m i l l i o n  immature s o l e s  a r e  d e s t ro y e d  y e a r l y  by 
t h e  shrim p t r a w l e r s  i n  th e  Waddensea.
D r. SCHARFE commented on h i s  s l i d e s  c o n ce rn in g  th e  improvement in  
l o c a l i z i n g  f i s h  c o n c e n t r a t io n s  d u r in g  th e  p e la g i c  f i s h e r y  by  means of 
a m u l t in e tz s o n d e .  T h is  in s t ru m e n t  i s  f i x e d  to  th e  h e a d l in e  and sends 
im p u lse s  tow ards  th e  s u r f a c e ,  th e  b o tto m , ah ead , h o r i z o n t a l l y  and 15° 
h o r i z o n t a l l y .  T r a n s m i t t e r s  a r e  a l s o  f i x e d  to  th e  wing e x t r e m i t i e s  and 
on th e  o t t e r  b o a rd s .  The com plete  a p p a r a tu s  d e s ig n e d  by A t la s —Wurke 
and ad ap ted  by  th e  Hamburg L a b o ra to ry  a l lo w s  an e x c e l l e n t  p l o t t i n g  of 
t h e  d i f f e r e n t  p a r t s  o f  t h e  t r a w l  a s  w e l l  a s  t h e  b e h a v io u r  of th e  f i s h  
i n  th e  v i o i n i t y  of t h e  tow p a th .  An in c o r p o r a te d  c u r r e n t  m eter i n d i ­
c a t e s  th e  speed a t  which th e  t r a w l  i s  a d v an c in g .
Mr. DICKSON p re s e n te d  a t h e o r i t i c a l  s tu d y  on th e  c o u rse  to  s t e e r  
f o r  t h e  t r a w l  to  i n t e r c e p t  a  f i s h  s c h o o l .
A d iagram  was e l a b o r a te d  showing th e  tow p a th  o f  th e  n e t  i n  r e l a ­
t i o n  to  th e  d i r e c t i o n  o f  th e  s h ip  f a  second d iagram  showed th e  p o in t s  
o f  i n t e r c e p t i o n  betw een th e  d e te c te d  f i s h  sch o o l and th e  t r a w l e r  in  
r e l a t i o n  to  th e  f i s h i n g  sp eed , th e  speed  o f th e  v e s s e l  and t im e .
Mr. DICKSON p o in te d  ou t t h a t  t h i s  problem needed to  be  s tu d ie d  
f u r t h e r .
D r. SCHARFE and Mr. CHAPLIN came a c r o s s  th e  same d i f f i c u l t i e s  
and t r i e d  to  s o lv e  them i n  th e  sarao manner. A copy o f  t h e  paper 
p re s e n te d  by Mr. DICKSON i s  included i n  t h i s  r e p o r t  (Annex i )  .
Mr. DICKSON renewed h i s  r e q u e s t  to  th e  IF members to  send him 
a l l  in fo r m a t io n  on u n d e rw a te r  o b s e r v a t io n  equipment so t h a t  he can 
com ple te  th e  "FAO G en era l  Compendium on In s t ru m e n ta / t io n " .
Mr. VAN MIDDELEM p re s e n te d  a s h o r t  com munication on th e  exper im en ts  
c a r r i e d  ou t w i th  th e  Ja p a n e se  n e tz so n d e  i n  c o l l a b o r a t i o n  w i th  The 
N e th e r la n d s .  Some d i f f i c u l t i e s  were e n c o u n te re d .  The w orking o f th e  
in s t ru m e n t  i s  in f lu e n c e d  by  s h ip s  f i s h i n g  i n  th e  v i c i n i t y .  Also g ro u n d - 
ro p e  echoes  and bo ttom  echoes a r e  too  n e a r  each o t h e r .  The te c h n iq u e
has  s t i l l  to  be  im proved. A p aper  on t h i s  s u b je c t  i s  in c lu d e d  i n  t h i s
r e p o r t  (Annex i ) .
Mr. DE WIT m entioned  t h a t  t h i s  experim ent h a s  a l r e a d y  once been 
used  com m erc ia lly  i n  p a i r  f i s h i n g .  He p o in te d  ou t t h a t  th e  aim o f  th e  
e x p e r im en ts  was n o t  o n ly  f o r  s c i e n t i f i c  p u rp o se s  b u t  a l s o  f o r  u se  i n  
th e  f i e l d .
D r. SCHARFE was o f  th e  o p in io n  t h a t  t h e r e  a r e  l i m i t a t i o n s  to  th e  
sy s tem .
Mr. NEDELEC in q u i r e d  abou t o th e r  system s of t r a n s m i s s i o n .
Mr. DE BOER m entioned th e  e x p e r im e n ta l  work on th e  "L ase r"  c a r r i e d
o u t by P h i l i p s .  However, th e s e  s t u d i e s  may ta k e  s e v e r a l  y e a r s .
ITEM 4 -  F i^ h _ B ^ h a y i_ ou r _ ; _Prob_lemj3_ r_ e l_ a t in g _ to  £ e a r j_
Mr. KURC b r i e f l y  r e p o r t e d  on th e  e v o lu t io n  of th e  r e s e a r c h  on l i g h t  
f i s h i n g  i n  th e  A t l a n t i c  a s  w e l l  a s  on th e  b e h a v io u r  o f  p e la g i c  f i s h  to  
a r t i f i c i a l  l i g h t  and on th e  a d a p ta t i o n  o f  th e  f i s h i n g  te c h n iq u e s  to  
t h i s  b e h a v io u r .
E xperim en ts  to  c a tc h  s a r d in e s  w i th  e l e c t r i c  l i g h t  i n  th e  A t l a n t i c  
were c a r r i e d  o u t .  The t r a d i t i o n a l  s a r d in e  f i s h e r y  w i th  r i n g  n e t s  and 
w i th  b a i t e d  cod eggs i s  r a t h e r  e x p en s iv e  ( i n  6 m onths, th e  b a i t  may 
c o s t  from 20.000 to  50*000 F r .  f r .  p e r  s h i p ) ,  w hereas  th e  equipment 
needed f o r  l i g h t  f i s h i n g  c o s t s  o n ly  about 10.000 F r .  f r .
The two f i s h i n g  methods were compared and th e  l i g h t  f i s h i n g  c a tc h e s  
were a s  good and even b e t t e r  th a n  th e  b a i t  f i s h i n g  c a t c h e s .
However, th e  l i g h t  f i s h i n g  method has  n o t  y e t  been  adop ted  by th e  
f i s h e rm e n  (o n ly  by 12 v e s s e l s  so f a r ) .
L i t t l e  i s  known as  to  why f i s h  seem to  be  a t t ra c te d  to  l i g h t  and 
i n v e s t i g a t i o n s  were c a r r i e d  ou t i n  o rd e r  to  e l u c i d a t e  •fiais prob lem .
The k i n e t i c  b e h a v io u r  o f  young l i t t l e  f i s h  i n  an i l lu m i n a te d  f i e l d  
d i f f e r s  from th e  b e h a v io u r  o f  a d u l t  f i s h .  Young f i s h  come n e a r e r  to  
th e  so u rc e  o f  l i g h t  b u t  t i r e  r a p i d l y ,  a d u l t  f i s h  r e a c t  s low er to  th e  
lamps and keep f u r t h e r  o f f .
The n a tu r e  and i n t e n s i t y  of th e  l i g h t  were a l s o  s t u d i e d .  Up 
to  now o n ly  w h i te  l i g h t  s o u rc e s  were u se d ,  b lu e - g r e e n  l i g h t  a l s o  o f f e r s  
p o s s i b i l i t i e s .  The l i g h t  so u rce  ought n o t  to  b e  to o  b r i g h t  ( f i s h  i s  
a t t r a c t e d ,  b u t  s t a y  f u r t h e r  o f f ) .  A low er l i g h t  i n t e n s i t y  and a good 
d i f f u s i o n  a t t r a c t  th e  f i s h  n e a r e r  to  th e  l i g h t  s o u rc e .  Four 50U W 
lamps seem to  be  s u f f i c i e n t .
The n e x t  s t e p  i n  th e  e v o lu t io n  o f  l i g h t  f i s h i n g  w i l l  be th e  combined 
u se  o f l i g h t ,  f i s h  pumps and e l e c t r i c a l  e n e rg y .
I t  i s  n o t  easy  to  c r e a t e  an e l e c t r i c  f i e l d  i n  s e a —w a te r  and i n  th e  
pump f i s h e r y  a  l a r g e  fdeLd i s  r e q u i r e d .  F i s h  o u t s id e  th e  e l e c t r i c  f i e l d
a r e  r e p u l s e d ,  w h i l s t  th o s e  i n s i d e  i t  a r e  a t t r a c t e d  to  t h e  anode and 
pump (a  r a t h e r  l im i t e d  a r e a  (50  cm) = a r e a  o f  n a r c o s i s  -  t h e  f i s h  
w i th in  i t  s to p s  swimming and i s  p a r a l y s e d ) .
<
D r. SCHARFE m entioned th e  D e t lo v  (USSR) e x p e r im e n ta l  pumping method.
Mr. MARGETTS and Mr. BRIDGER inform ed th e  g ro u p  o f t h e i r  exper im en ts  
w i th  th e  D e t lo v  pumping m ethod. I t  was a com ple te  f a i l u r e .  In  t h e i r  
o p in io n  t h i s  method had more s c a r in g  th a n  a t t r a c t i n g  e f f e c t s .
Mr. DICKSON proposed  th e  b u i l d i n g  o f  a  cage ( l  m c irc u m fe re n ce )  
around th e  pump.
Mr. KURC a l s o  d e s c r ib e d  b r i e f l y  th e  p r e l im in a r y  p ro m is in g  e x p er im en ts  
w i th  a s e l e c t i v e  t r a w l  d e s t in e d  to  s e p e r a t e  Nephrops from young l i t t l e  
f i s h ,  e s p e c i a l l y  h ak e .
Dr. SHARFE spoke abou t th e  r a k e  t r a w l  to  c a tc h  s o l e s .
Mr. NEDELEC d is a g r e e d  w i th  too  r a d i c a l  f i s h i n g  m ethods. A ra k e  
p lo u g h in g  th e  s ea —bottom  k i l l s  sand worms w hich c o n s t i t u t e  t h e  food 
o f f l a t - f i s h .  T h is  f i s h i n g  method i s  p r o h i b i t e d  i n  F ra n c e .
ITEM 5 — Data_j?rocejss in¿£.
Mr. MAC LEHMAN b r i e f l y  o u t l i n e d  th e  d i f f e r e n t  system s (on l i n e ,  
o f f  l i n e )  o f  d a ta  p ro c e s s in g  co n ce rn in g  th e  t r a w l  and f i s h  b e h a v io u r .  
These d a ta  a r e  t r a n s m i t t e d  t e l e m e t r i c a l l y  to  th e  s h ip  and a r e  th e n  
t r e a t e d  by a computer ( s e e  p ap er  "N otes on I n s t r u m e n ta t io n  D esign  
r e l e v a n t  to  th e  A p p l ic a t io n  o f  Computer T echniques  to  Gear R esearch" 
in c lu d e d  i n  t h i s  r e p o r t )  (Annex i ) .
ITEM 6 -  Other_ B u sin es
-  Mr. POSTER h av ing  been p re v e n te d  to  a s s i s t  a t  t h e  m eeting  of th e  
IP Group owing to  a  bereavem ent i n  h i s  f a m i ly ,  th e  P r e s id e n t  proposed  
to  send him th e  fo l lo w in g  te le g ra m  "G athered  members o f  IP e x p re ss  
sympathy to  you  , B r id g e t  and f a m i ly .  Look fo rw ard  you r p a r t i c i p a t i o n  
a t  n e x t  m e e t in g " ,  s ig n ed  KURO, Chairman.
-  A number of q u e s t i o n s  co n ce rn in g  th e  o r g a n iz a t i o n  and th e  p o s s i ­
b l e  m o d i f i c a t io n s  to  th e  Group hav ing  a r i s e n  d u r in g  p r i v a t e  d i s c u s s io n s  
w i th  d i f f e r e n t  members, th e  chairm an exposed th e  d i f f e r e n t  problem s 
and r e q u e s te d  th e  members o f  th e  Group to  d i s c u s s  them and to  s t a t e  
t h e i r  o p in io n .
1 . Some members t h i n k  t h a t  th e  a c t i v i t i e s  o f  t h e  IP Group and 
th o s e  o f  th e  Gear and B ehav iour Committee (ICES) o v e r l a p .  A lso ,  as  
t h e  IP Group has  no l e g a l  i n t e r n a t i o n a l  s t a t u s ,  c e r t a i n  members may 
have  a d m i n i s t r a t i v e  d i f f i c u l t i e s  to  cover th e  c o s t s  in h e r e n t  to  th e  
a t t e n d a n c e  o f  th e  m e e t in g s .  The q u e s t i o n  may be  pu t i f  i t  would no t 
be  u s e f u l  to  in c o r p o r a t e  th e  IP Group a s  a  s p e c i a l i z e d  w orking  group 
i n  th e  Gear and B ehav iou r  Committee o f  ICES.
The g e n e r a l  o p in io n  was t h a t  th e  s e m i - o f f i c i a l  s t a t u s  o f  t h e  IP 
Group p e rm i ts  th e  e x p e r t s  to  exchange in f o r m a l ly  i d e a s  and in fo rm a t io n  
and to  e n t e r  i n t o  much g r e a t e r  t e c h n i c a l  d e t a i l s  th a n  would be  p o s s ib l e  
i n  a  l a r g e  i n t e r n a t i o n a l  o r g a n iz a t i o n .
U nanim ously, i t  was d ec id ed  to  m a in ta in  t h e  a c t u a l  s t r u c t u r e  o f  
th e  IP Group.
2 .  Some members may p e rh ap s  c o n s id e r  i t  d e s i r a b l e  t o  e n la r g e  th e  
number o f  p a r t i c i p a t i n g  c o u n t r i e s .  I t  was d ec id e d  to  a c c e p t  p o s s ib l e
new a p p l i c a n t s  b u t  n o t  to  s t im u la t e  a p p l i c a t i o n s .  In d e e d ,  th e  c o u n t r i e s  
a c t u a l l y  r e p r e s e n te d  a r e  p ro b a b ly  th o s e  c a r r y in g  ou t most t e c h n o lo g ic a l  
r e s e a r c h ,  w i th  th e  e x c e p t io n  p e rh ap s  o f  c e r t a i n  E a s te r n  European coun­
t r i e s .
I t  was th o u g h t  d e s i r a b l e  t h a t  o n ly  r e a l l y  a c t i v e  members should  
p a r t i c i p a t e  i n  th e  m e e t in g s ,  i t s  e f f i c a c i t y  depending  l a r g e l y  on a 
l im i t e d  membership.
3 . O r i g i n a l l y  th e  IP Group was o n ly  d e s t i n e d  to  s tu d y  th e  problem s 
r e l a t e d  to  th e  p e la g i c  and s e m i-p e la g ic  f i s h i n g .  G ra d u a l ly  th e  s tu d i e s  
encompassed a l l  a s p e c t s  o f  g e a r  im provem ent, t h e  te ch n o lo g y  o f bottom  
t r a w l s ,  in s t r u m e n ta t i o n  and even f i s h  b e h a v io u r .
A l l  IP  members approved t h i s  e v o lu t io n .
The P r e s id e n t  r e q u e s te d  t h a t  t h e  denom ina tion  "IP  Group", should
be  more e x p l i c i t e l y  d e f in e d .  I t  was ag reed  t h a t  t h i s  denom ination
would be m a in ta in ed  and i n  f u t u r e  should  s ta n d  f o r  " I n t e r n a t i o n a l  
Working Group f o r  P i s h in g  T echno logy" .
-  D uring  th e  6 th  s e s s i o n ,  a new programme f o r  i n t e r n a t i o n a l  c o l l a ­
b o r a t i o n  s i m i l a r  to  th e  one c a r r i e d  ou t aboard  th e  " I c h th y s "  was men­
t i o n e d .  T h is  q u e s t io n  needs  to  be  more a c c u r a t e l y  d e t a i l e d .  I f  an 
i n t e r n a t i o n a l  programme i s  t o  le a d  to  i n t e r e s t i n g  r e s u l t s ,  i t  shou ld  
be l i m i t e d  to  one p r e c i s e  and c a r e f u l l y  p re p a re d  s u b j e c t .
In  t h i s  connex ion , th e  P r e s id e n t  made a p e r s o n a l  s u g g e s t io n  a s  to  
th e  p o s s i b i l i t y  of j o i n t  r e s e a r c h  on th e  te c h n o lo g y  o f th e  shrimp 
f i s h e r y  and th e  means o f  p r o t e c t i n g  t h e  immature s to c k s .
23.
The N e th e r la n d s  a s  w e l l  a s  Belgium a r e  i n t e r e s t e d  i n  such a p r o j e c t  
and i t  was ag reed  t h a t  su b s e q u e n t ly  c o n ta c t s  w i l l  he  made i n  view of 
th e  p o s s i b l e  e s ta b l i s h m e n t  of a j o i n t  programme.
-  Mr. NEDELEC i n v i t e d  anyone w ish in g  to  s tu d y  s c a l e  models to  make 
u se  o f  t h e  t e s t i n g  ta n k  a t  B o u lo g n e -su r-M er .
-  Mr. SUDNESS in form ed th e  members t h a t  t h e  f a c i l i t i e s  o f  th e  
L a b o ra to ry  a t  Bergen a r e  a v a i l a b l e  to  anyone ( e s p e c i a l l y  f o r  s tu d y  
o f m achines and tow ing e q u ip m e n t) .
-  Mr. MARGETTS s u g g e s ts  t h a t  t h e  members i n  f u t u r e  shou ld  add to  
t h e i r  P r o g re s s  R e p o r ts  t h e i r  programme f o r  t h e  coming y e a r .  T h is  
w i l l  c e r t a i n l y  encourage spon taneous  c o l l a b o r a t i o n  (Annex I I ) .
T h is  p ro p o s a l  was adop ted  and i t  was ag reed  t h a t  each  member w i l l  
send h i s  programme to  th e  R a p p o r te u r ,  who w i l l  i n c lu d e  i t  i n  th e  f i n a l  
R e p o r t .
-  The p a r t i c i p a n t s  who p re s e n te d  w r i t t e n  o r  o r a l  communications 
w ere r e q u e s te d  to  send th e  t e x t  o r  a  summary to  t h e  R ap p o r teu r  (50 
c o p ie s )  by June  1 s t .
-  Mr. MARGETTS k in d ly  ex tended  th e  i n v i t a t i o n  to  h o ld  th e  n ex t
IP M eeting a t  L ow esto ft  (M a rc h /A p r i l ) . The e x a c t  d a t e s  to  be decided  
l a t e r .
The agenda "being e x h a u s te d ,  Mr. VAU MIDDELEM on b e h a l f  o f  D r.
HOVART made th e  c lo s i n g  speech  in  which he e x p re ss e d  h i s  p le a s u r e  
to  have b een  a b le  to  a c t  a s  h o s t  to  th e  IP Group a t  O stend .
The Chairman on b e h a l f  o f  a l l  members a d d re s s e d  h i s  th a n k s  to  
th e  B e lg ia n  A u t h o r i t i e s ,  D r. HOVART and h i s  c o l l a b o r a t o r s  who have 
p e r f e c t l y  o rg a n iz e d  t h i s  m eeting  and f o r  th e  k in d  h o s p i t a l i t y  ex tended 
to  t h e  IP  members. He a l s o  commented on th e  s u c c e s s f u l  work done d u r in g  
th e  c o u rse  o f  t h i s  m e e t in g .
P . VANDROMME
AMEX I
The Development of th e  Net Drum System i n  th e  U n ited  Kingdom
by
J .D .  CHAPLIN
Net Drum System .
In  a lm os t every  c o u n try  i n  th e  w orld  i n  which t r a w l  f i s h e r i e s  a r e  
p r a c t i s e d  e f f o r t s  a r e  b e in g  made to  red u c e  th e  man power r e q u i r e d  to  
h a n d le  t h e  t r a w l  on deck  and to  r e d u c e ,  a t  t h e  same t im e ,  t h e  manual 
e f f o r t  r e q u i r e d  and to  improve th e  s a f e t y  o f  t h e  o p e r a t i o n .  T h is  work 
i s  g o in g  ahead i n  p a r a l l e l  w i th  th e  developm ent o f  g u t t i n g  m ach inery , 
s i n c e ,  f o r  many ty p e s  o f t r a w l in g  o p e r a t i o n ,  any r e d u c t io n  i n  man power 
can o n ly  be e f f e c t e d  i f  t h e  la b o u r  c o n te n t  o f  th e  g u t t i n g  p ro c e s s  and 
o f th e  g e a r  h a n d l in g  a r e  red u ced  s im u l ta n e o u s ly .
In  G rea t  B r i t a i n  by f a r  t h e  most p rom is ing  developm ent i n  th e  
m e c h a n is a t io n  of g e a r  h a n d l in g  i s  th e  n e t  drum sy s tem . The b a s i c  
f e a t u r e  o f  t h i s  system  i s  t h a t  t h e  e n t i r e  t r a w l ,  a f t  o f  t h e  d o o rs ,  
i s  wound on to  a  s i n g l e  l a r g e  drum as  f a r  a s  i s  n e c e s s a r y  f o r  t h e  crew 
to  ta k e  h o ld  o f  t h e  cod end, l i f t  i t  and empty i t .  For bo ttom  t r a w ls  
t h i s  means t h a t  th e  dan leno  b o b b in s ,  t h e  wing end b o b b in s ,  t h e  headrope  
f l o a t s  and th e  bosom b o b b in s  have a l l  to  be  wound on to  th e  drum t o ­
g e th e r  w i th  th e  sq u a re  and b e l l y  o f  t h e  n e t .  Such system s a r e  n o t  new 
and have been  employed on a sm all  s c a l e  on sm a ll  s t e r n  f i s h i n g  v e s s ^ ' 1^ ,  
u s u a l l y  w i th  l i g h t  t r a w l s  f i s h i n g  o f f  t h e  West Coast of Canada and th e  
U n ited  S t a t e s .  In  G rea t  B r i t a i n  t h e  work i s  b e in g  ex tended  to  much 
l a r g e r  v e s s e l s  u s in g  heavy bo ttom  t r a w l s .
Net Drum I n s t a l l a t i o n  on ROSS DARING.
F o llo w in g  a p r e l i m i n a r y  i n s t a l l a t i o n  on a  sm a l l  in s h o r e  s t e r n  
t r a w l e r  th e  f i r s t  f u l l  s c a l e  i n s t a l l a t i o n  was d e s ig n e d  and b u i l t  f o r  
t h e  ROSS DARING. T h is  v e s s e l  i s  a 90 f t .  a l l  s t e e l  s t e r n  t r a w le r  
b u i l t  i n  1963 , p r i m a r i l y  f o r  N orth  Sea f i s h i n g .  The v e s s e l  i s  powered 
by a  6 c y l in d e r  d i e s e l  d e v e lo p in g  65O b . h . p .  and d r iv i n g  a  o . p .  p ro ­
p e l l e r .
P r i o r  to  th e  f i t t i n g  o f  th e  drum system  th e  g e a r  was h a n d led ,  on 
t h i s  p a r t i c u l a r  s h ip ,  by a f a i r l y  complex a rrangem ent s in c e  she has  
b een  o r i g i n a l l y  d e s ig n ed  to  o p e r a te  w i th  a  red u ced  crew . A lthough 
th e  v e s s e l  h a u led  i n  t h e  manner o f  a  s t e r n  t r a w l e r  t h e  f i n a l  o p e r a t io n ,  
t h a t  o f  l i f t i n g  th e  cod end a b o a rd ,  to o k  p la c e  over th e  s t a r b o a r d  s i d e .
The m o d if ied  a rrangem ent w i th  th e  n e t  drum system  i n s t a l l e d  i s  shown 
i n  F ig u r e  1 , where i t  w i l l  he  seen  t h a t  th e  n e t  drum i s  p o s i t io n e d  
abou t 13 1 /2  f t .  fo rw ard  o f th e  tra n so m . A s k e tc h  o f  th e  n e t  drum 
showing th e  p r i n c i p a l  d im ensions  a p p e a rs  i n  F ig u r e  2 .
The s h ip  was o r i g i n a l l y  equipped w i th  h y d r a u l i c  t r a w l  w in ch es .
S ince  i t  was n o t  n e c e s s a ry  to  o p e r a te  th e  t r a w l  w inches  a t  t h e  same 
t im e  as  th e  n e t  drum, no a d d i t i o n a l  h y d r a u l i c  power was r e q u i r e d  and 
th e  power to  th e  n e t  drum was s u p p l ie d  by p ro v id in g  a  ch ange-over  v a lv e  
betw een  th e  pump and th e  t r a w l  winch on th e  p o r t  s i d e .
The t r a w l  which i s  n o rm a lly  used  by t h i s  s h ip  i s  a  L ow esto f t  n r .  2 
t r a w l  whose g e n e r a l  d im ensions  a r e  shown i n  F ig u r e  3 .
H andling  P rocedu re  on th e  ROSS DARING.
When h a u l in g  th e  d o o rs  a r e  b ro u g h t  up to  th e  a f t e r  g a n t r y  i n  th e  
normal manner. Two men th e n  c h a in  o f f  th e  d o o rs  and d e ta c h  th e  sweep 
w ire s  i n  th e  u s u a l  way. These a r e  coup led  to  s h o r t  p i e c e s  o f  w ire  
p e rm an en tly  a t t a c h e d  to  th e  o u te r  s e c t i o n  o f th e  n e t  w in ch . The n e t  
winch i s  th e n  powered and h a u ls  i n  t h e  s íeep  w i r e s ,  w ind ing  them on to  
th e  o u te r  b a r r e l s .  When th e y  a r e  a lm os t f u l l y  wound on th e  w inch i s  
s to p p e d ,  th e  g e a r  i s  ch a in ed  o f f  and th e  sweep w i re s  a r e  pushed th ro u g h  
a s l o t  i n  th e  main f l a n g e s  ( s e e  F ig u re  2 ) .  H au ling  th e n  c o n t in u e s  on 
th e  drum to  b r in g  i n  f i r s t  th e  d a n le n o s ,  th e n  t h e  tow le g s  and th e n  
th e  w in g s ,  b o b b in s  and headrope  w i th  i t s  f l o a t s .  At t h i s  s ta g e  th e  
drum i s  s to p p e d ,  u s u a l l y  w i th  t h e  b o b b in s  on th e  d eck . The same two 
crew members a r e  th e n  a b le  to  h a u l  i n  th e  cod end u s in g  th e  perm anen tly  
a t t a c h e d  "poke" l i n e s  and th e  sm a ll  w inch shown i n  t h e  c e n t r e  of th e  
working deck  on F ig u re  1 .  T h is  winch i s  a l s o  c o n t r o l l e d  from th e  w h e e l-  
h o u se .  The cod end i s  l i f t e d  over th e  transom  and th e  f i s h  a r e  emptied 
i n  t h e  f i s h  pounds on th e  p o r t  q u a r t e r .  The whole o p e r a t i o n  from s t a r t  
to  f i n i s h  can be  c a r r i e d  o u t by two men on th e  deck  and one man, th e  
s k ip p e r  on t h i s  p a r t i c u l a r  v e s s e l ,  i n  th e  w h ee lh o u se .  H au ling  and 
s h o o t in g  th e  g e a r  now ta k e s  15 m in u tes  i n s t e a d  o f  25 m inu tes  under th e  
o ld  a rran g em en t .
S hoo ting  th e  t r a w l  i s  c a r r i e d  ou t i n  t h e  r e v e r s e  manner u s in g  a 
codend o u th a u l  a rrangem ent o r  yo-yo shown i n  F ig u r e  1 .
Net Mending.
I t  w i l l  be  seen  from  th e  s k e tc h e s  t h a t  n e t  mending sp ace  i s  p rov ided  
betw een th e  n e t  winch and th e  t ran so m . T h is  i s  a d eq u a te  f o r  most r e ­
p a i r s .  These r e p a i r s  can be c a r r i e d  ou t by p ay ing  ou t t h e  n e t  u n t i l  
t h e  damaged p a r t  i s  s t r e t c h e d  ou t betw een th e  w inch and th e  tran so m . 
Severe  damage, l a r g e  s p l i t s ,  e t c . ,  w hich r e q u i r e  more space  f o r  r e ­
p a i r i n g  can be  c a r r i e d  ou by p a s s in g  th e  cod over to  th e  fo rw ard  s id e  
o f  th e  w inch and t a k in g  th e  n e t  o f f  on t h i s  s id e  u s in g  th e  r e v e r s i n g  
f e a t u r e  t o  s im p l i f y  t h e  o p e r a t io n .  No damage i s  caused  by th e  n e t
b e in g  wound onto  th e  drum w i th  i t s  b o b b in s  and w i r e s .
The system  has  now been i n  commercial s e r v i c e  on t h i s  v e s s e l  f o r  
a p p ro x im a te ly  a y e a r .  A f te r  th e  i n i t i a l  com m issioning  p e r io d  no r e a l  
d i f f i c u l t i e s  have been  e x p e r ie n c e d .  The h y d r a u l i c  power a v a i l a b l e  i s  
ad eq u a te  ex cep t  when th e  g e a r  has  been  wound on to  th e  drum i n  such a 
way t h a t  th e  b o b b in s  r i d e  on to p  o f  t h e  d a n le n o s .  I n  t h e s e  c ircum ­
s ta n c e s  th e  n e t  drum has  o c c a s s io n a l ly  s t a l l e d .  T h is  i s  v e ry  easy  to  
remedy on th e  spo t b u t  a s  w i l l  be  seen  l a t e r ,  s t e p s  w i l l  be  ta k e n  in  
f u t u r e  d e s ig n s  to  e l im in a te  t h i s  prob lem .
Net Drums f o r  D i s t a n t  W ater T r a w le r s .
The su c c e ss  of th e  i n s t a l l a t i o n  on th e  ROSS DARING has  le d  to  con­
s i d e r a t i o n  o f a p p ly in g  th e  same system  to  B r i t i s h  D i s t a n t  Water t r a w l e r s  
b o th  s id e  t r a w l e r s  and th e  newer c l a s s  o f  s t e r n  t r a w l e r s .  N e a r ly  a l l  
o f  th e se  v e s s e l s  u se  th e  sm all  G ran ton  t r a w l  a lm os t e x c l u s i v e l y .  The 
o n ly  problem  e n co u n te red  on th e  ROSS DARING w hich was o f any s i g n i f i ­
cance was t h a t  m entioned e a r l i e r  o f  th e  d an len o s  and th e  b u t t e r f l y  
u p s e t t i n g  th e  n e a t  w ind ing  on o f th e  g ro u n d ro p e ,  head ro p e  and n e t .
F or t h a t  r e a s o n  i t  was d ec id e d  to  make a  s l i g h t  a l t e r a t i o n  i n  th e  
d e s ig n  o f  t h e  drum f o r  i n s t a l l a t i o n  on f u t u r e  v e s s e l s .  T h is  can  be 
seen  i n  F ig u r e  4« F or th e  f u t u r e  i t  i s  p roposed  t h a t  n o t  on ly  th e  
sweep w i r e s  b u t  a l s o  th e  dan leno  b o b b in ,  i t s  b u t t e r f l y  and th e  tow 
l e g s  w i l l  be  wound on to  th e  o u te r  b a r r e l  which h as  been  e n la rg e d  to  
s u i t .
I n s t a l l a t i o n  on th e  ROSS KELVIN.
I t  was d ec id ed  t h a t  th e  f i r s t  t r i a l  i n s t a l l a t i o n  o f  th e  new d e s ig n  
f o r  d i s t a n t  w a te r  t r a w l e r s  would be  c a r r i e d  ou t on a s id e  t r a w l e r  and 
th e  ROSS KELVIN was s e l e c t e d  a s  th e  f i r s t  v e s s e l  to  be  m o d if ied  i n  t h i s  
way. The g e n e r a l  a rrangem ent o f  th e  m o d i f i c a t io n  i s  shown i n  F ig u re s  
5 and 6 . I t  w i l l  be  seen  t h a t  th e  n e t  drum h as  been  i n s t a l l e d  on a 
f a l s e  deck  f i t t e d  over th e  f o r e d e c k  of th e  v e s s e l .  The warps a r e iu n  
to  th e  g a l lo w s  i n  th e  u s u a l  manner, p a s s in g  u n d e r  th e  f a l s e  d eck .  The 
g e a r  w i l l  be  h au led  th ro u g h  an opening  i n  th e  b u lw a rk  which w i l l  be  
c lo s e d  by a h y d r a u l i c  g a t e  when th e  v e s s e l  i s  n o t  h a u l in g  o r sh o o tin g  
th e  gear .  The f i s h  w i l l  be  s p i l t  on to  t h e  f o r e d e c k ,  on th e  p o r t  s id e  
f o r  g u t t i n g  and w i l l  be  s e n t  down th e  fo rw ard  h a tc h  and t r a n s p o r t e d  by 
conveyor , when r e q u i r e d ,  to  th e  a f t e r  p a r t  o f  t h e  f i s h ro o m .
A l t e r n a t i v e  m e t h o d  o f  C o n v e r t i n g  t h e  S i d e  T r a w l e r .
An a l t e r n a t i v e  w hich i s  s u i t a b l e  f o r  some ty p e s  o f  s h ip  depending 
upon th e  n a tu r e  o f  th e  accommodation e x i s t i n g  a t  th e  a f t e r  end i s  shown
i n  F ig u r e s  7 and 8 .  In  t h i s  ty p e  o f  c o n v e r s io n  t h e  a f t e r  accommodation 
i s  removed and r e - d i s t r i b u t e d  e lsew h e re  i n  th e  s h i p .  A deck  i s  con­
s t r u c t e d  w hich , f o r  a l l  p r a c t i c a l  p u rp o s e s ,  i s  i d e n t i c a l  to  t h a t  on 
t h e  ROSS DARING c o n v e rs io n  d i s c u s s e d  e a r l i e r  i n  th e  p a p e r .
One o f th e  a d v an ta g e s  o f  t h i s  scheme i s  t h a t  a  s i d e  t r a w l e r  i s  con­
v e r t e d  i n t o  a s t e r n  t r a w l e r .  However, i t  would g e n e r a l l y  on ly  be 
s u i t a b l »  f o r  sm all  v e s s e l s  hav ing  l im i t e d  s u p e r s t r u c t u r e .
Net Drum Systems f o r  Large S te rn  T r a w le r s .
On l a r g e  s t e r n  t r a w l e r s  th e  u se  o f  n e t  drum system s can o f f e r  a 
most im p o r ta n t  a d d i t i o n a l  ad v an tag e  i n  t h a t  a p a r t  from  a sav in g  i n  man 
power th e y  can be  used  to  m in im ise  t h e  f i s h i n g  tim e  which i s  l o s t  
th ro u g h  damage o c c u r in g  to  t h e  t r a w l .  T h is  i s  i l l u s t r a t e d  i n  F ig u re  9* 
I t  w i l l  be  seen  t h a t  two n e t  drums of th e  g e n e r a l  s i z e  and form i l l u s ­
t r a t e d  i n  F ig u r e  4 ,  have been  i n s t a l l e d  more o r  l e s s  s id e  by s id e  on the  
working deck  o f a  250 f t .  s t e r n  f r e e z e r  t r a w l e r .  The w arps have been  
ta k e n  over th e  drum by th e  u se  o f  an a d d i t i o n a l  g a n t r y  and th e  on ly  
o th e r  m ajor m o d i f i c a t io n  has  been  to  widen th e  to p  o f th e  ramp.
With an i n s t a l l a t i o n  o f t h i s  s o r t  i t  w i l l  b e  p o s s i b l e  to  h a u l  one 
t r a w l  u n t i l  t h e  cod end i s  fo rw ard  o f t h e  h a tc h  l e a d in g  down to  th e  
g u t t i n g  pounds. I t  w i l l  th en  be  p o s s i b l e  to  shoo t t h e  t r a w l  on th e  
second drum b e f o r e  s p i l l i n g  t h e  cod end o f th e  f i r s t  and , o f  much 
g r e a t e r  economic s i g n i f i c a n c e ,  b e f o r e  mending th e  f i r s t  t r a w l .  The 
same p a i r  o f  t r a w l  d o o rs  i s  u sed  f o r  each t r a w l .
A d e t a i l e d  a n a l y s i s  has  been  c a r r i e d  ou t on th e  p o t e n t i a l  improve­
ments w hich t h i s  system  might be  a b le  to  o f f e r  on t y p i c a l  s t e r n  f r e e z e r  
t r a w l e r s ,  f i s h i n g  f o r  dem ersa l  s p e c i e s .  S e v e ra l  voyages have been  
s tu d ie d  and th e s e  show t h a t  betw een 7 Í° and 10 l / 2  % "the a v a i l a b l e  
f i s h i n g  t im e  i s  l o s t  th ro u g h  hav ing  to  w a i t  f o r  th e  t r a w l  to  be  mended. 
T h is  co u ld  be  e l im in a te d  by th e  u se  o f th e  d oub le  n e t  drum system .
99  ft. O v e r a l l  l e n g t h  s t e r n  f i s h i n g  t r a w l e r
c o n v e r t e d  to ne t  d r u m  f i sh i ng .
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SKETCH OF NET DRUM FOR DISTANT WATER VESSELS
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Figure  U
-175 ft .  Overa l l  l e n g t h  s i d e  f i s h i n g  t r a w l e r
d e s i g n e d  for conve n t i ona l  s ide f i shing
S c a l e  in fee t
i ______ i
Area for hand ling  of c a t c h  in deck  p o u n d s  
a l so  g u t t i n g  and w a s h i n g
© Fig ure  5
175 f t .  Ove r a l l  l e n g t h  s i d e  f i s h i n g  t r a w l e r
a f t e r  convers ion to net  d r u m  f i sh i ng
S c a l e  in fee t  
I----------- 1_______
10 20
• M
Hinged bulwark doot¡ 
s tarboard s ide  only.
I Net drum
- f - - — I
i f i i : —i — j  i  ;
i i I -
i-
F o r e c a s t l e  deck extended  to provide 
s h e l t e r  when handling and gutting ca tchNet drum
F ig u r e  6
Note run of w a r p s ----------------- Have been r e - a r r a n g e d R aised  platform W\\\\\\\ Net drum
106 ft .  Overal l  l e n g t h  s i d e  f i s h i n g  t r a w l e r
d e s i g n e d  for c o n v e n t i o n a l  s i d e  f i s h i ng
□  D ODI
Scale  in f e e t
i-----------1_______ I
0 10 20
Area  for handling of catch in deck pounds  
also  gutting and washing
e~ CD
F ig u r e  7
106 ft. Overal l  l eng t h  s i de  f i s h i n g  t r a w l e r  a f t e r
c o n v e r s i o n  to s t e r n  o p e r a t e d  net  d r u m  f i sh i ng
Sheave  support frame 
^  Net hauling sheave  
Tetrapod m a s t  —
Towing b locks  -—
Stern doors
£
□  G D O D
 -
0
Towing w ar psNet hauling winch
Chute Gutting room 
under y
S c a l e  in feet
10 20
^ N e t  hauling refers to the 
lifting of the net holding  
the catch,  out of the sea,  
to be then unloaded into 
the chute w h ic h  c o n v e y s  
the catch to the gutt ing room.
Winch and net drum control room Figure 8
231 ft .  Over a l l  l e n g t h  s t e r n  f i s h i n g  f r e e z e r  t r a w l e r
f i t t e d  for  t wi n  n e t  d r u m  f i s h i n g
s c a l e  in f e e tgantry supporting  
towing warp block1:
block s u s p e n d e d  
on l o a d c e l l Rowing warpQet
f
I T r I
h a t c h  to  
processing
coaming
18'coaming
net drum
net drum main towing winches
s p a c e
Figure 9
unloading
hatch
NOTES ON INSTRUMENTATION DESIGN RELEVANT TO THE APPLICATION 
OP COMPUTER TECHNIQUES TO GEAR RESEARCH
Ly
D.N. Mac Lennan,
Marine L a b o ra to ry ,  Aberdeen
C o n t e n t s
1 . I n t r o d u c t i o n .
2 .  The B as ic  R equ irem en ts  and Methods o f Gear and Environment T e s t in g .
3 .  The C o n tro l  and O p e ra t io n  o f  th e  Complete O n - l in e  System,
4 .  Sh ipboard  I n s t r u m e n ts .
4 . 1 .  G e n e ra l .
4 . 2 .  S h ip 's  sp eed .
4 . 3 .  Wind p a ra m e te r s .
4 .4 »  O ther new d ev e lo p m en ts .
4 . 4 . I  . Engine RPM.
4 .4 * 2 .  B lock  a c c e l e r a t i o n .
4 .5 »  E x i s t i n g  in s t ru m e n ts  ad ap ted  f o r  th e  computer i n s t a l l a t i o n .
5 .  U nderw ater I n s t r u m e n ts .
5 . 1 . G e n e ra l .
5 . 2 .  Net i n s t r u m e n t s .
5*3 . O t te rb o a rd  i n s t r u m e n t s .
6 . C o n c lu s io n s .
R e f e r e n c e s .
I l l u s t r a t i o n s
F ig u re
1 L o c a t io n  o f in s t r u m e n ts  on s h ip  and g e a r .
2 B lock  diagram  of d a ta  lo g g in g  system .
3 C o il  and s e n s in g  p robe  a rrangem ent i n  a  two component e l e c t r o ­
m agnetic  lo g .
4 P ro v id in g  a d i g i t a l  o u tp u t  from  an echosounder .
5 B lo ck  diagram  o f s i n g l e  ch an n e l  t e l e m e t e r .
6 B lo ck  diagram  o f  m u l t ic h a n n e l  t e l e m t e r .
7 B lo ck  diagram  o f  lo ad  c e l l  c i r c u i t r y .
8 Diagram showing a te c h n iq u e  f o r  t e l e m e te r in g  o t t e r b o a r d  d a ta  
v i a  a tow ing w arp .
Summary.
At th e  M arine L a b o ra to ry ,  A berdeen , a  computer b ased  d a ta  lo g g in g  
system  i s  b e in g  developed  to  f u r t h e r  th e  u n d e rs ta n d in g  o f t r a w l  g e a r
b e h a v io u r ,  T h is  p aper  d e s c r ib e s  t h e  i n s t r u m e n ta t i o n  and a s s o c i a t e d  
hardw are  which w i l l  be  used  o n - l i n e  to  th e  computer i n  f u l l  s c a l e  g ea r  
t r i a l s .  Measurements to  be made can be  d iv id e d  i n t o  two g ro u p s ,  th o s e  
made on th e  s h ip  and th o s e  r e l a t i n g  to  th e  u n d e rw a te r  p a r t s  o f  th o  g e a r  
The fo rm er group can be  connec ted  to  t h e  system  i n  a  c o n v e n t io n a l  way. 
However, th e  l a r g e  d i s t a n c e  s e p a r a t i n g  n e t  and board  in s t ru m e n ts  from 
th e  s h ip  makes i t  n e c e s s a ry  to  employ t e l e m e t r y  te c h n iq u e s  f o r  under­
w a te r  m easurem ents. Two t e l e m e te r s  l i n k s  in te n d e d  f o r  o p e r a t io n  from 
an o t t e r b o a r d  and th e  n e t  r e s p e c t i v e l y  a r e  d e s c r ib e d  i n  d e t a i l .
1 . I n t r o d u c t i o n .
The e x p e r im e n ta l  i n v e s t i g a t i o n  o f  f i s h i n g  g e a r  perfo rm ance  p r e s e n t  
s p e c i a l  problem s to  th e  in s t ru m e n t  d e s ig n e r ,  b e c a u se  he  has  to  deve lop  
equipment to  make m easurements i n  a g e n e r a l l y  u n fa v o u ra b le  env ironm en t.  
The problem s a r e  l e s s  s e v e re  a t  th e  s u r f a c e  o f  th e  s e a ,  f o r  example, 
s h ip  pe rfo rm ance  t e s t s ,  warp t e n s i o n  m easurements e t c . ,  b ecau se  th e  
p o s i t i o n s  where th e  o b s e r v a t io n s  must be made a r e  r e l a t i v e l y  a c c e s s i b l e  
However, when i t  comes t o  making m easurements u n d e rw a te r  — on th e  g e a r  
i t s e l f  -  t h e  d i f f i c u l t i e s  a r e  indeed  g r e a t  and , i n  g e n e r a l ,  a rem ote  
u n d e rw a te r  in s t ru m e n t  w i l l  y i e l d  l e s s  in fo r m a t io n  p e r  t e s t  th a n  a  com­
p a r a b le  in s t ru m e n t  o f  s i m i l a r  c o m p lex ity  on th e  s u r f a c e .  The main 
r e a s o n  f o r  t h i s  l i e s  i n  th e  way i n  w hich th e  r e s p e c t i v e  measurements 
a r e  made. At p r e s e n t ,  t h e  u n d e rw a te r  in s t r u m e n ts  used  by  th e  Gear 
R ese a rch  U n it  o f  th e  M arine L a b o ra to ry  r e c o r d  t h e  d a ta  a s  a  t r a c e  on 
a p ap er  c h a r t ,  w hich canno t be  examined u n t i l  a f t e r  t h e  t e s t ,  i . e .  th e  
h a u l ,  i s  c o m p le te .  T h is  te c h n iq u e  i s  an example o f  o f f - l i n e  measure­
m ent, i . e .  th e  d a ta  a r e  n o t  made a v a i l a b l e  to  t h e  o b s e rv e r  u n t i l  some 
tim e  a f t e r  t h e  measurement has  been  made. On th e  o th e r  hand , an i n ­
s tru m en t on t h e  s h ip  whose o u tp u t  i s  d i s p la y e d  to  th e  o b s e rv e r  i s  
o n - l i n e , t h a t  i s ,  t h e  d a t a  can be  examined a t  th e  same t im e  as  i t  i s  
p roduced .
An im p o r ta n t  l i m i t a t i o n  on th e  perfo rm ance  o f an o f f - l i n e  system 
a r i s e s  from th e  i n h e r e n t  t im in g  in a c c u r a c y .  Any measurement can be  
c o n s id e re d  to  be  an av e rag e  ta k e n  over a  c e r t a i n  p e r io d  o f t im e ,  T 5 
th u s  t h e  p ro b a b le  e r r o r  i n  s p e c i f y in g  th e  tim e  to  w hich th e  m easure­
ment r e f e r s  i s  o f  th e  o rd e r  o f  +_ 1 /2  T. F u r t h e r ,  t h i s  means t h a t  two 
e v e n ts  s e p a r a te d  i n  t im e  by a s m a l le r  p e r io d  th a n  T canno t be  compared 
i n  d e t a i l  w i th  one a n o th e r ,  b e c a u se  one measurement may in c lu d e  a con­
t r i b u t i o n  from b o th  e v e n ts .
W ith th e  p r e s e n t  o f f - l i n e  t e c h n iq u e s  a v a i l a b l e  f o r  g e a r  r e s e a r c h ,
T may be  s e v e r a l  m inu tes  lo n g ,  or even more. T h is  means t h a t  t r a n s i e n t  
o r  h ig h  f r e q u e n c y  e f f e c t s ,  such a s  g e a r  p e r tu b a t i o n s  or i n s t a b i l i t i e s ,  
canno t be  s tu d ie d  i n  any d e t a i l .
M easurements w hich have h een  made w i th  o f f - l i n e  in s t ru m e n ts  h e re  
l e d  to  a deepe r  u n d e rs ta n d in g  o f t h e  m echanics o f  g e a r  b e h a v io u r ,  b u t  
th e y  have a l s o  shown t h a t  much more co u ld  be  l e a r n e d  i f  T were sub­
s t a n t i a l l y  re d u c e d .
O b v io u s ly ,  th e  answer i s  to  make a l l  t h e  measurem ents o n - l i n e .
We th e n  come up a g a i n s t  th e  l i m i t  s e t  by th e  c a p a b i l i t i e s  of th e  human 
o b s e r v e r ,  who can on ly  make a  l im i t e d  number o f  o b s e r v a t io n s  p e r  u n i t  
t im e ,  and th e  r e s u l t i n g  d a ta  r a t e  i s  s t i l l  u n a c c e p ta b ly  s low . H ere, 
however, i s  where th e  power of d i g i t a l  computing te c h n iq u e s  can  b e  used 
to  a d v a n ta g e .  A d a t a  lo g g in g  system  which i s  c o n t r o l l e d  by  a d i g i t a l  
computer can re c o rd  in f o r m a t io n  a t  a r a t e  w hich i s  o r d e r s  o f  m agnitude 
g r e a t e r  th a n  i s  p o s s i b l e  w i th  " p e n c i l  and paper"  t e c h n iq u e s .  F u r t h e r ,  
t h e  d a t a  lo g g in g  i s  more a c c u r a t e l y  and r e l i a b l y  c a r r i e d  o u t ,  a s  th e  
computer w i l l  n o t  b i a s  i t s  d e c i s io n s  i n  th e  way t h a t  a  human o b se rv e r  
may ten d  to  do ( a l b e i t  w i th o u t  c o n sc io u s  knowledge of th e  f a c t ) .
The computer i s  a  v e ry  f l e x i b l e  t o o l  5 a s  w e l l  a s  th e  b a s i c  process 
o f  r e c o r d in g  d a t a ,  c a l c u l a t i o n s  can be  c a r r i e d  o u t u s in g  t h e s e  same 
d a ta  -  a t  t h e  t im e  i t  i s  lo g g e d ,  i f  r e q u i r e d .  For example, t h e  d a ta  
can b e  c o r r e c t e d  by  th e  a p p l i c a t i o n  o f c a l i b r a t i o n  r o u t i n e s  a s  th e  r e ­
co rd in g  p ro c e s s  goes  on. T h is  a g a in  shows how th e  computer can ta k e  
over r o u t i n e  t a s k s ,  so r e l e a s i n g  s c i e n t i f i c  e f f o r t  f o r  more i n t e l l e c ­
t u a l  p u r s u i t s .
The m easuring  in s t r u m e n ts  used  must be good enough to  make f u l l  
u se  o f  th e  power o f a  computer b ased  lo g g in g  sy s tem . The c h a r a c t e r i s ­
t i c s  r e q u i r e d  of such  i n s t r u m e n t s ,  a s  d e s c r ib e d  i n  th e  f o l lo w in g  p a ra ­
g ra p h s ,  a r e  i n  g e n e r a l  q u i t e  d i f f e r e n t  from th o s e  p e r t i n e n t  to  an o f f ­
l i n e  system .
2 .  The B a s ic  R equ irem ents  and Methods o f  Gear and Environment T o s t in / ’:.
The o b je c t  of t h e  p ro c e s s  of p h y s i c a l  m easurem ent, a s  a p p l ie d  to  
g e a r  r e s e a r c h ,  i s  to  in c r e a s e  our knowledge o f t h e  e n g in e e r in g  f a c t o r s  
which have a b e a r in g  on t r a w l  p e rfo rm an ce . P a r t  o f  t h e  prob lem , w i th  
th e  c u r r e n t  s t a t e  o f  t h e  a r t ,  i s  to  e l u c i d a t e  th e  i n t e r r e l a t i o n s h i p s  
betw een v a r io u s  s e t s  of p a ra m e te rs  5 i t  has  been  shown by p a s t  work 
t h a t  a change i n  one f e a t u r e  of a  g e a r  g iv e s  r i s e  to  changes i n  many 
o th e r  p a ra m e te r s ,  o f t e n  in  a  y e t  u n d e f in e d  m anner. T h is  means t h a t  
th e  environm ent and p h y s i c a l  b e h a v io u r  o f  th e  g e a r  must be  comprehen­
s i v e l y  m o n ito red .  I f  t h e r e  a r e  gaps i n  th e  in f o r m a t io n  a v a i l a b l e  from 
a p a r t i c u l a r  t e s t ,  t h a t  i s ,  c e r t a i n  p a ra m e te rs  were n o t  logged  f o r  one 
r e a s o n  o r  a n o th e r ,  t h e  a n a l y s t  may be  s e v e r e ly  h in d e re d  i n  h i s  work on 
th e  r e s u l t s .  For t h i s  r e a s o n  i t  i s  t r u e  to  say  t h a t  one t e s t  w i th  a 
com ple te  s e t  o f  r e s u l t s  i s  more d e s i r a b l e  th a n  many t e s t s  f o r  which 
o n ly  some r e s u l t s  a r e  a v a i l a b l e .
Having c o n s id e re d  t h e  main re q u i re m e n ts  f o r  environm ent and g e a r  
m easurem ents , th e  s e t  o f  in s t ru m e n ts  o u t l i n e d  i n  F i g .  1 was chosen to  
he used  w i th  th e  computer i n s t a l l a t i o n  on F .R .S .  " E x p lo r e r " .  I t  should  
he em phasised t h a t  t h i s  i s  a  b a s i c  s e t  o f  in s t r u m e n ts  f i t  i s  p lanned  
to  ex tend  and ad ap t  i t  i n  th e  f u t u r e .  The system  a s  a  whole has  been  
d e s ig n e d  so t h a t  such  an expansion  can be e a s i l y  c a r r i e d  o u t .  T h is  kinc 
o f  f l e x i b i l i t y  i s  an i n h e r e n t  f e a t u r e  o f  computing te c h n iq u e s ,  and i s  
one o f  t h e i r  main a t t r a c t i o n s  ( l ) .
A f i s h i n g  g e a r  c anno t be  c o n s id e re d  i n  i s o l a t i o n  from th e  s h ip  
which i s  tow ing i t ,  a  f a c t  which has  been  made a b u n d a n t ly  c l e a r  by th e  
knowledge g a in e d  from co m p ara t iv e  f i s h i n g  t e s t s .  A number o f  i n s t r u ­
ments a r e  t h e r e f o r e  u s e d ,  as  shown i n  F i g .  1 ,  to  m easure s h ip  p e r f o r ­
mance and r e l a t e d  p a ra m e te r s .  These form th e  more c o n v e n t io n a l  p a r t  
o f th e  d a ta  lo g g in g  system  b e c a u s e ,  b e in g  on o r  c lo s e  to  th e  s h ip ,  
th e y  a r e  r e a d i l y  a c c e s s i b l e .  A l l  s h ip b o a rd  in s t r u m e n ts  a r e  c a b le  con­
n e c te d  i n  th e  norm al way to  th e  " c e n t r a l  p ro c e s s o r "  and " i n t e r f a c e "  
equ ipm ent. The c e n t r a l  p ro c e s s o r  c a r r i e s  ou t a l l  a r i t h m e t i c ,  r e c o rd in g  
and c o n t r o l l i n g  o p e r a t io n s  on th e  d a t a .  However, t h e  computer i t s e l f  
can o n ly  u n d e rs ta n d  d a ta  p re s e n te d  to  i t  i n  c o n fo rm ity  w i th  i t s  own 
s p e c i a l  r e q u i r e m e n ts ,  and t h i s  i s  a lm os t always d i f f e r e n t  from th e  
form i n  w hich th e  d a ta  a r e  produced  by th e  in s t r u m e n t s .  I t  i s  t h e r e ­
f o r e  n e c e s s a ry  to  i n t e r p o s e  an " i n t e r f a c e "  u n i t  be tw een th e  m easuring  
in s t r u m e n ts  and th e  computer i t s e l f .  A l l  t h e  i n t e r f a c e  does i s  to  
t r a n s l a t e  in s t ru m e n t  o u tp u t  s i g n a l s  i n t o  th e  form u n d e rs to o d  by th e  
com puter ,  and v i c e  v e r s a  i f  t h e  computer i s  u sed  to  c o n t r o l  th e  a c t i o n  
o f  th e  in s t r u m e n ts .
The s i t u a t i o n  i s  r a t h e r  d i f f e r e n t  f o r  th o s e  in s t r u m e n ts  which w i l l  
be  a t t a c h e d  to  t h e  u n d e rw a te r  p a r t s  of th e  g e a r .  The u se  o f  a  s e p a r a te  
e l e c t r i c a l  c a b le  c o n n e c t in g  th e s e  to  t h e  s h ip  h a s  s e v e r a l  d is a d v a n ta g e s  
which in c lu d e  d i f f i c u l t y  i n  h a n d l in g  and p o s s i b l e  i n t e r f e r e n c e  w i th  th e  
r e s t  of t h e  g e a r .  In  th e  system  under d i s c u s s i o n  ( F ig .  l ) , indep en d en t 
c a b le s  o f  t h i s  ty p e  a r e  n o t  u s e d .  I n s t e a d ,  d a ta  t r a n s m is s io n  betw een 
th e  n e t  and th e  s h ip  i s  to  be  c a r r i e d  ou t over an a c o u s t i c  t e l e m e te r  
l i n k ,  w h i le  o t t e r b o a r d  d a t a  i s  t r a n s m i t t e d  over an e l e c t r i c a l  t e l e m e te r  
l i n k  w hich makes u se  o f  a c a b le  c o n d u c to r  i n t e r n a l  to  th e  tow ing w arp. 
More w i l l  b'e s a id  abou t t h e s e  l a t e r ,  b u t  a most im p o r ta n t  p o in t  to  be 
bo rne  i n  mind i s  t h a t  t h e  bandw id th  a v a i l a b l e  on b o th  te l e m e te r  s y s ­
tems o n ly  a l lo w s  one ch an n e l  of in fo r m a t io n  to  b e  t r a n s m i t t e d  a t  a 
t im e .  In  o th e r  w ords , one r e a d in g  from one in s t ru m e n t  i s  t r a n s m i t t e d  
over th e  l i n k ,  fo l lo w e d  by  a n o th e r  r e a d in g  from th e  same o r a d i f f e r e n t  
i n s t r u m e n t ,  and so on. T h is  te c h n iq u e  i s  r e f e r r e d  to  a s  s e r i a l  d a ta  
t r a n s m is s io n ,  a s  opposed to  p a r a l l e l  d a ta  t r a n s m is s io n  i n  which th e  
d a ta  from  s e v e r a l  in s t ru m e n ts  a r e  t r a n s m i t t e d  s im u l ta n e o u s ly .  S e r i a l  
t r a n s m is s io n  i s  s lo w e r ,  b u t  i s  l e s s  p rone  to  e r r o r s  th a n  p a r a l l e l  
t e c h n iq u e s .
3 . The C o n tro l  and O p e ra t io n  o f  th e  Completo On—l i n o  System .
A b lo c k  d iagram  of th e  computer b ased  d a ta  lo g g in g  system  which 
i s  b e in g  developed  f o r  g e a r  r e s e a r c h  on th e  F .R .S .  "E x p lo re r"  i s  shown 
i n  F ig .  2 .  The arrow s on th e  l i n e s  c o n n ec t in g  th e  v a r io u s  b lo c k s  show 
th e  d i r e c t i o n  o f  in fo r m a t io n  flow  betw een th e  v a r io u s  p a r t s  of th e  
system .
The b a s i c  e lem en ts  o f  t h i s  system  com prise  ;
a) th e  in s t r u m e n ts ,  which a r e  co n n ec ted  to
b) th e  i n t e r f a c e ,  which i s  i n  t u r n  co n n ec ted  to
c) th e  memory and a r i t h m e t i c  u n i t s ,  i . e .  t h e  c e n t r a l  p ro ­
c e s s o r .
d) The o p e r a t o r ,  who communicates w i th  t h e  c e n t r a l  p ro c e s s o r  
u s in g
e) th e  p e r i p h e r a l s .  These a r e  s im ply  i n p u t / o u t p u t  d e v ic e s  
f o r  i n p u t , a  p ap er  t a p e  r e a d e r  and an e l e c t r i c  ty p e ­
w r i t e r  5 f o r  o u tp u t ,  a t e l e p r i n t e r  ( f o r  typed  m essag es ) ,  
paper t a p e  punches and a g rap h  p l o t t e r .
Note t h a t  th e  o p e r a t è r  i s  n o t  i n  d i r e c t  com munication w i th  th e  a c t u a l  
m easuring  in s t r u m e n ts .  Any c o n t r o l  a c t i o n  ( e . g .  changes  o f  r e a d in g  
r a t e )  w hich th e  o p e r a to r  w ish es  to  c a r r y  out w i th  t h e s e  i s  done i n d i r e c t  
l y  v i a  t h e  c e n t r a l  p r o c e s s o r .
I t  i s  n o t  i n  g e n e r a l  p o s s i b l e  to  s t a n d a r d i s e  t h e  system  so t h a t  
a l l  in s t ru m e n t  o u tp u ts  a r e  i d e n t i c a l  i n  fo rm . C o rre sp o n d in g ly ,  more 
th a n  one ty p e  o f  i n t e r f a c e  i s  n o rm a lly  r e q u i r e d .  B a s i c a l l y ,  i n s t r u ­
ments p ro v id e  d a ta  which a r e  i n  e i t h e r  an a lo g u e  o r  d i g i t a l  fo rm . An 
a n a lo g u e  q u a n t i t y ,  i n  t h e  p r e s e n t  c o n te x t ,  i s  an e l e c t r i c a l  v o l t a g e  
o r  c u r r e n t  whose m agnitude can t a k e  a c o n t in u o u s ly  v a r i a b l e  ra n g e  of 
v a l u e s .  The m agnitude of such a  s i g n a l  i s  th e  d a t a  w hich i s  w an ted .
For exam ple, th e  warp d e c l i n a t i o n  m eter  g iv e s  an o u tp u t  which can  be  
anywhere betw een 0 and 9 m i l l i v o l t s ,  c o r re sp o n d in g  to  a  d e c l i n a t i o n  
a n g le  w hich l i e s  betw een 0 and 45 d e g r e e s .  T h is  in s t ru m e n t  t h e r e f o r e  
g iv e s  an ana logue  o u tp u t .  On th e  o th e r  hand, a  d i g i t a l  s i g n a l  i s  ( i n  
t h i s  c o n te x t )  a v o l t a g e  o r a c u r r e n t  which i s  coded i n  some way to  r e ­
p r e s e n t  a d i s c r e e t  number. In  t h i s  c a se  th e  m agnitude  of th e  v o l t a g e  
o r  c u r r e n t  i s  o f  s eco n d a ry  im p o r tan c e ,  a s  i t  i s  th e  number which th e  
s i g n a l  r e p r e s e n t s  which i s  r e q u i r e d .  For exam ple, c o n s id e r  th e  eng ine  
RPM m ete r  f t h i s  in s t ru m e n t  p roduces  an e l e c t r i c a l  p u l s e  each tim e  
th e  main s h a f t  r o t a t e s  th ro u g h  4*5 d e g re e s .  The h e ig h t  o f  t h i s  p u ls e  
(h e ig h t  i s  of co u rse  an ana logue  q u a n t i t y )  does n o t  depend on th e  PPM, 
and so i s  q u i t e  im m a te r ia l  so long  a s  i t  i s  s u f f i c i e n t  f o r  th e  p u ls e
t o  "be d e t e c t e d  "by th e  i n t e r f a c e .  What m a t te r s  i s  th e  number o f  p u ls e s  
which a r e  produced i n  a g iv e n  p e r io d  o f t im e ,  a.nd t h i s  i s  d i g i t a l  i n ­
fo r m a t io n .
The d i g i t a l  com puter, a s  would be  exp ec ted  from th e  name, o p e r a te s  
e n t i r e l y  w i th  pure  num bers. The d i g i t a l  i n t e r f a c e  i s  t h e r e f o r e  a  r e ­
l a t i v e l y  s im p le  u n i t  w hich sw i tc h e s  t h e  v a r io u s  d i g i t a l  s i g n a l s  go ing  
i n t o  i t  on to  th e  one o u tp u t  l i n e ,  a s  r e q u i r e d ,  and a l s o  c o n v e r ts  them 
to  th e  p r e c i s e  d i g i t a l  code r e q u i r e d  by th e  com puter .  The an a logue  
i n t e r f a c e  sw i tc h e s  in p u t  s i g n a l s  i n  a s i m i l a r  m anner, b u t  i n  a d d i t i o n  
must c o n v e r t  them to  t h e  d i g i t a l  form demanded by  th e  com puter. The 
l a t t e r  f u n c t i o n ,  a p p r o p r i a t e l y ,  i s  c a r r i e d  ou t by  an  "an a lo g u e  to  
d i g i t a l  c o n v e r t e r " .
The t h i r d  i n t e r f a c e  u n i t  shown i n  F i g .  2 ,  t h e  " n a v i g a t io n a l
i n t e r f a c e " ,  i s  in  f a c t  an e x te n s io n  to  th e  d i g i t a l  i n t e r f a c e ,  b u t  i s
shown s e p a r a t e l y  b e c a u se  i t  i s  a  s p e c i a l  p u rpose  u n i t  s p e c i f i c a l l y  
in te n d e d  to  h a n d le  t h e  Decca N a v ig a to r .
I t  w i l l  be  seen  from F i g .  2 t h a t  th e  in fo r m a t io n  alw ays f lo w s  
from th e  in s t ru m e n t  to  t h e  com puter, n ev e r  th e  o th e r  way a ro u n d . In  
o th e r  w ords , th e  computer does n o t  c o n t r o l , t h e  o p e r a t io n  o f  th e  i n d i ­
v i d u a l  in s t r u m e n ts  w hich t h e r e f o r e  p roduce  d a t a  i n  a manner q u i t e  i n ­
dependent o f  th e  w orking o f th e  c e n t r a l  p ro c e s s o r  o r  i n t e r f a c e .  To 
t h i s  e x te n t  th e  in s t r u m e n ts  and th e  computer work a sy n c h ro n o u s ly .  How­
e v e r ,  t h e  computer can s t i l l  c o n t r o l  t h e  o p e r a t i o n  o f  t h e  whole system  
b eca u se  i t  h a s  c o n t r o l  o f  th e  s w i tc h e s  i n  th e  i n t e r f a c e  u n i t s  th ro u g h
th e  c o n n e c t in g  l i n e s .  In  t h i s  way th e  computer can  cau se  th e  connec­
t i o n s  to  a  p a r t i c u l a r  in s t ru m e n t  to  be sw itch ed  i n  so t h a t  d a ta  from 
t h a t  in s t ru m e n t  (and  o n ly  from t h a t  in s t ru m e n t)  can b e  r e a d  i n t o  th e  
computer memory. H e n ce fo r th  t h i s  p ro c e s s  w i l l  b e  r e f e r r e d  to  as  
" lo o k in g "  a t  th e  p a r t i c u l a r  i n s t r u m e n t .  The a synchronous  te c h n iq u e  
h a s  th e  ad v an tag e  of b e in g  v e ry  f l e x i b l e  -  i t  i s  r e l a t i v e l y  easy  to  
change th e  mode o f o p e r a t io n  o f  th e  system  -  b u t  i t  does r e q u i r e  t h a t  
in s t r u m e n ts  b e  looked a t  o f t e n  enough n o t  to  m iss  s i g n i f i c a n t  d a t a .
So much f o r  com munication betw een th e  in s t r u m e n ts  and th e  com puter, 
But th e  human o p e r a to r  a l s o  has  some communicating to  do -  w i th  him r e s t  
th e  r e a l  c o n t r o l  o f  t h e  system . T h is  f u n c t i o n  i s  c a r r i e d  ou t by  th e  
f o u r  b lo c k s  shown a t  th e  bo ttom  of F i g .  2 .
B e fo re  a c t u a l  lo g g in g  b e g in s ,  t h e  computer must be  s u p p l ie d  w i th  
a s e t  o f  i n s t r u c t i o n s  t e l l i n g  i t  p r e c i s e l y  what to  d o .  These i n s t r u c ­
t i o n s  ( o th e r - w i s e  known as  t h e  "program ") a r e  k e p t  a s  a perm anent r e ­
cord  on a  r o l l  o f  p aper  t a p e .  By ru n n in g  t h i s  t a p e  th ro u g h  th e  paper 
ta p e  r e a d e r  t h e  program i s  th e n  re a d  by th e  computer and s to r e d  i n  i t s  
memory. Then, and on ly  th e n ,  can  th e  computer be  s e t  to  c a r r y  out i t s  
lo g g in g  f u n c t i o n .  I t  does t h i s  by lo o k in g  a t  i n d i v i d u a l  in s t ru m e n ts
one a t  a t im e ,  s te p p in g  from one to  a n o th e r  i n  a  sequence  which i s  
p re d e te rm in ed  by th e  program . T h is  i s  n o t  s im ply  a m a t te r  o f  lo o k in g  
a t  each in s t ru m e n t  o nce , c y c l in g  th ro u g h  th e  l o t  and s t a r t i n g  a g a in  | 
f o r  v a r io u s  r e a s o n s  some in s t ru m e n ts  have to  be  looked  a t  more o f t e n  
th a n  o t h e r s ,  b u t  t h i s  re q u ire m e n t  i s  b u i l t  i n t o  th e  i n i t i a l  program .
Of c o u r s e ,  t h e  o p e r a to r  may w ish  to  a l t e r  t h i s  sequence  a t  any tim e  
d u r in g  lo g g in g .  He does t h i s  u s in g  th e  e l e c t r i c  t y p e w r i t e r .  The i n i ­
t i a l  program re a d  i n  in c lu d e d ,  a s  w e l l  a s  b a s i c  lo g g in g  i n s t r u c t i o n s ,  
a s e t  o f  i n s t r u c t i o n s  to  a llow  th e  computer to  lo o k  a t  t h e  t y p e w r i t e r  
from tim e  to  t im e ,  and to  i n t e r p r e t  t h e  o p e r a t o r ' s  t y p e s c r i p t .  For 
example, suppose t h a t  i n i t i a l l y  th e  computer was s e t  up to  lo o k  a t  b o th  
th e  d e c l i n a t i o n  m eter and th e  p r o p e l l e r  t h r u s t  4 t im e s  p e r  seco n d . The 
o p e ra to r  might ty p e  t h e  e q u iv a le n t  o f  "from now on, do n o t  lo o k  a t  
p r o p e l l e r  t h r u s t  a t  a l l  and lo o k  a t  t h e  d e c l i n a t i o n  m eter  16 t im es  per 
s eco n d " .  The computer would i n t e r p r e t  t h i s ,  and a l t e r  i t s  i n t e r n a l  
lo g g in g  i n s t r u c t i o n s  a c c o r d in g ly .  Such a  f a c i l i t y  a l lo w s  a  v e ry  h ig h  
d eg ree  o f  f l e x i b i l i t y  and ease  i n  o p e r a t io n  c o n t r o l  of th e  system .
The t im in g  of th e  lo g g in g  sequence i s  d e te rm in ed  by a  c r y s t a l  
c lo c k .  The b a s i c  p u ls e  f r e q u e n c y  d e r iv e d  from th e  c lo c k  i s  d iv id e d  
down by th e  computer to  g iv e  o th e r  t im e  i n t e r v a l s  n e c e s s a ry  f o r  sequence 
c o n t r o l .  The lo n g e s t  t im e  p e r io d  r e q u i r e d  i s  30 s e c o n d s ,  t h i s  be in g  
th e  fu n d am en ta l  lo g g in g  p e r io d .  The system  r e p e a t s  i t s  a c t i o n s  i n  suc­
c e s s iv e  30 second p e r io d s  ( u n le s s  th e  sequence  i s  m o d if ied  by th e  
o p e r a to r )  -  t h a t  i s ,  i t  has  a b a s i c  c y c le  w hich t a k e s  30 seconds to  
co m p le te .
D uring a fu n d am en ta l  lo g g in g  c y c l e ,  th e  computer lo o k s  a t  each 
in s t ru m e n t  a  number o f  t im e s ,  some, o f  c o u r s e ,  more o f t e n  th a n  o t h e r s .  
The c e n t r a l  p ro c e s s o r  c a r r i e s  ou t some a r i t h m e t i c  on th e  r e s u l t a n t  
l a r g e  q u a n t i t y  o f  d a t a ,  to  compress i t  i n t o  a  more manageable amount. 
T h is  e s s e n t i a l l y  means t h a t  a l l  th e  r e a d in g s  from one in s t ru m e n t  i n  th e  
30 seconds  a r e  used  to  form th e  f o l lo w in g  q u a n t i t i e s ;
1 . Mean v a lu e
2 .  S tandard  d e v ia t io n
3 . Maximum r e a d in g
4 .  Minimum r e a d in g
5 .  Humber of r e a d in g s
Át t h e  end o f th e  30 s e co n d s ,  th o s e  f i v e  q u a n t i t i e s  a r e  o u tp u t  
a s  d a ta  on p ap er  t a p e  by  a  p aper  t a p e  punch, to  g iv e  a permanent r e c o r d .  
A l t e r n a t i v e l y ,  uncom pressed d a ta  can  be o u tp u t  on th e  g rap h  p l o t t e r  
f o r  v i s u a l  d i s p l a y ,  i f  t h e  o p e r a to r  so d e s i r e s .
The above i s  a g r e a t l y  over s im p l i f i e d  d e s c r i p t i o n  o f  how th e  com­
p u te r  b a sed  d a t a  lo g g in g  system  w i l l  work i n  p r a c t i c e .  In  f a c t ,  th e  
o n - l i n e  computer can and w i l l  do much more th a n  t h e s e  b a s i c  o p e r a t i o n s .  
O ther f e a t u r e s  which have been  d es ig n ed  i n to  th e  system  in c lu d e  s
1 . The a p p l i c a t i o n  o f  c a l i b r a t i o n  r o u t i n e s  to  in s t ru m e n t  
d a t a .
2 .  The d e t e c t i o n  of e r ro n eo u s  in s t ru m e n t  r e a d in g s  and th e  
o u tp u t  o f  a p p r o p r i a t e  m essages on th e  t e l e p r i n t e r .
3 .  The c a l c u l a t i o n  o f  p o s i t i o n  and speed  from n a v ig a t io n a l
d a t a .
4 .  The co m b in a tio n  and c o r r e l a t i o n  o f  th e  v a r io u s  r e a d in g s  
to  check  on t h e i r  v a l i d i t y .
However, a s  t h i s  p ap er  i s  m ain ly  concerned  w i th  th e  in s t ru m e n ts  
and a s s o c i a t e d  h a rd w are ,  t h e s e  need n o t  co n ce rn  us  f u r t h e r  h e r e .
4« Shipboard  I n s t r u m e n t s .
4 . 1 . G e n e ra l .
T h is  h ead in g  co v e rs  a l l  m easuring  equipment a t  th e  s u r f a c e  end of 
t h e  g e a r ,  as  w e l l  a s  t h a t  r e l a t i n g  s o l e l y  to  s h ip  p e rfo rm an ce .
I t  has  a l r e a d y  been  s t a t e d  t h a t  th e  g e a r  cannot b e  c o n s id e re d  i n  
i s o l a t i o n  from th e  tow ing  v e s s e l .  A g e a r  w hich o p e r a te s  s a t i s f a c t o r i l y  
from one s h ip  may n o t  do so from a n o th e r  f o r  v a r io u s  r e a s o n s ,  th e  most 
im p o r ta n t  o f  w hich i s ,  o f  c o u r s e ,  s h ip  power a v a i l a b l e .  However, sh ip  
perfo rm ance  measurem ents i n  r e s e a r c h  a r e  a l s o  u s e f u l  f o r  t h e  more 
g e n e r a l  r e a s o n  t h a t  th e y  com ple te  th e  p i c t u r e  o f  t h e  en v iro n m en ta l  
c o n d i t io n s  r e l a t i n g  to  th e  t e s t  r e s u l t s .  I n  a d d i t i o n ,  i t  i s  always 
u s e f u l  to  b e  a b le  to  c a r r y  out c o r r e l a t i o n s  betw een s e t s  o f  ind ep en d en t 
m easurem ents , so t h a t  e r r o r s  o r  f a i l u r e s  which have o c c u r re d  can  be 
e a s i l y  d e t e c t e d .  P r e f e r a b l y ,  t h i s  c o r r e l a t i o n  shou ld  be  done a t  th e  
tim e  o f th e  t e s t  so t h a t  t h e r e  i s  a chance o f  r e c t i f y i n g  th e  f a u l t  
b e f o r e  f u r t h e r  r e s u l t s  a r e  r e c o r d e d ,  which may by l a t e r  c o r r e l a t i o n  be 
found to  b e  i n v a l i d .  So, f o r  example, p r o p e l l e r  t h r u s t ,  RPM and wind 
measurement may be  u s e d ,  w i th  a knowledge of s h ip  h u l l  c h a r a c t e r i s t i c s ,  
to  g iv e  an in d ep en d en t  e s t im a te  o f  w a te r  sp eed . The a b i l i t y  o f  th e  
d i g i t a l  computer t o  c a r r y  ou t such c o r r e l a t i o n  c a l c u l a t i o n s ,  which 
may in v o lv e  a l a r g e  number o f  a r i t h m e t i c  o p e r a t io n s  i n  a  r e l a t i v e l y  
s h o r t  t im e  makes i t  p o s s i b l e  to  program a r e a l l y  com prehensive  s e l f  
check  f a c i l i t y  i n t o  a  computer b ased  d a t a  lo g g e r .
94 . 2 .  S h ip 's  speed o
The measurement o f  w a te r  speed i s  o f  c e n t r a l  im p o rtan ce  to  th e  
whole p ro c e d u re  of a n a ly s in g  g e a r  perfo rm ance  u s in g  in s t ru m e n t  d a t a .
Q u ite  a p a r t  from  obv ious  e n g in e e r in g  c o n s i d e r a t i o n s ,  th e  c a tc h in g  power 
o f  a t r a w l  i s  a l s o  speed dependent th ro u g h  v a r io u s  f i s h  b e h a v io u r a l  
p a ra m e te r s ,  such a s  f i s h  swimming speeds  ( 2 ) .  In  t h e  p a s t  th e  u s u a l  
te c h n iq u e  f o r  m easuring  w a te r  speed has  been  to  u se  p r o p e l l e r  o p e ra te d  
i n s t r u m e n t s ,  such a s  t h e  C hern ikoef lo g .  These s u f f e r  from th e  d i s ­
ad v an tag e  t h a t  th e  p r o p e l l e r  r o t a t i o n  sp eed , which i s  n o m in a lly  p ro p o r­
t i o n a l  to  w a te r  sp eed , i s  a l s o  a f f e c t e d  by o th e r  f a c t o r s  such a s  me­
c h a n ic a l  a lig n m en t and grow th of m arine  o rgan ism s on th e  p r o p e l l e r  s h a f t .  
However, s e v e r a l  o th e r  t e c h n iq u e s  can now be  used  f o r  w a te r  speed mea­
surem ent which do n o t  r e q u i r e  such v u ln e r a b le  m ech an ica l l i n k a g e s .
The in s t r u m e n ta t io n  system  which w i l l  be  i n s t a l l e d  on "E x p lo re r"  i n ­
c lu d e s  a  new speed lo g ,  developed  by th e  N a t io n a l  I n s t i t u t e  o f  Oceano­
g ra p h y ,  Godalming, which i s  o f  t h i s  ty p e .  The e le c t ro m a g n e t ic  p r i n c i p l e ,  
which makes u se  of th e  co n d u c tin g  p r o p e r t i e s  o f  sea  w a te r ,  i s  employed.
A m agnetic  f i e l d  i s  g e n e r a te d  i n  th e  w a te r  by a c o i l  i n  th e  body o f a 
p robe  b e n e a th  th e  s h ip .  A sch em atic  o f  t h i s  a rrangem ent i s  shown in  
P i g .  3 .  The log  m easures in d e p e n d e n t ly  b o th  fo rw ard  and sidew ays 
components o f  s h i p ' s  sp eed .  T h is  i s  a most u s e f u l  f e a t u r e ,  p a r t i c u l a r l y  
where s id e  t r a w l in g  i s  co n ce rn ed , a s  th e  a ssy m e try  of th e  towing p o in t  
w i th  r e s p e c t  to  th e  c e n t r e  l i n e  o f  a s id e  t r a w l e r  can le a d  to  a s i g n i ­
f i c a n t  " c ra b b in g "  movement, i . e .  s idew ays v e l o c i t y .  The movement of 
sea  w a te r  r e l a t i v e  to  th e  c o i l  m agnetic  f i e l d  c au se s  e l e c t r i c  c u r r e n t s  
to  flow  i n  t h e  s e a .  These a r e  d e t e c t e d  a s  v o l t a g e s  p ic k ed  up by p robes  
AA* ( f o r  th e  fo rw ard  v e l o c i t y  component) and BB' ( f o r  th e  s idew ays 
com ponent). These v o l t a g e s  a r e  p r o p o r t i o n a l  to  t h e  r e s p e c t i v e  v e l o c i t y  
com ponents, and a r e  t r a n s m i t t e d  to  th e  ana logue  i n t e r f a c e .
4 . 3 .  Wind p a r a n e t e r s .
A r e c o rd  of wind sp eed , and a l s o  wind d i r e c t i o n ,  i s  r e q u i r e d  a s  
p a r t  o f  t h e  g e n e r a l  e n v iro n m en ta l  in fo r m a t io n  r e l a t i n g  to  a  g e a r  t e s t .
I t  i s  a l s o  u s e f u l  f o r  o b ta in in g  th e  tow ing c a p a b i l i t y  o f  th e  s h ip  in  
r e l a t i o n  to  a p a r t i c u l a r  g e a r ,  a s  a  f u n c t i o n  o f w ea th e r  c o n d i t i o n s .
T h is  r e l a t i o n s h i p  can be  deduced e m p i r i c a l l y ,  or t h e o r e t i c a l l y  th ro u g h  
a knowledge of th e  wind d rag  c h a r a c t e r i s t i c s  o f  th e  s h i p ’ s s u p e r s t r u c ­
t u r e .
Wind speed i s  s im ply  c o n v e r ted  to  an ana logue  s i g n a l  by u s in g  a 
cup anemometer to  d r iv e  a dynamo. Many com m erc ia lly  a v a i l a b l e  anemo­
m e te rs  i n c o r p o r a t e  such a system  to  d r iv e  a  rem ote  i n d i c a t i n g  m e te r ,  so 
i t  i s  n o t  n e c e s s a r y  to  c a r r y  ou t s p e c i a l  m o d i f i c a t io n  to  th e  m echanica l 
p a r t s  o f  th e  anemometer to  r e n d e r  i t  s u i t a b l e  f o r  c o n n e c t io n  to  an 
o n - l i n e  system .
The a c c u ra cy  o f th e  cup anemometer i s  n o t  p a r t i c u l a r l y  good. The 
re s p o n se  t im e  to  changes i n  wind speed  i s  lo n g ,  and moreover i s  n o t  th e  
same f o r  an in c r e a s in g  speed change a s  f o r  a  d e c r e a s in g  change ( 3 ) • The 
r e a d in g  i s  a l s o  a f f e c t e d  b y ,  among o th e r  t h i n g s ,  th e  r o l l  o f  th e  s h ip .
I t  may be  p o s s i b l e ,  however, to  com pensate f o r  t h i s  by c a r r y in g  ou t a 
s p e c i a l  c a l i b r a t i o n  r o u t i n e  i n  t h e  computer u s in g  th e  in fo r m a t io n  
a v a i l a b l e  on th e  s h i p ' s  r o l l  ( s e e  be low , s e c t i o n  4 * 4 . 2 . ) .
The wind d i r e c t i o n ,  r e l a t i v e  to  s h ip  c e n t r e  l i n e ,  i s  to  be  de­
te rm in ed  by  c o u p l in g  a  wind vane to  t h e  s h a f t  o f  a  " s i n e / c o s i n e "  p o te n t is  
m e te r .  A c o n v e n t io n a l  p o te n t io m e te r  i s  n o t  used  b e c a u s e  i t  s u f f e r s  from 
th e  d is a d v a n ta g e  t h a t  t h e  w ind ing  does n o t  cover  th e  f u l l  360° of a 
r e v o l u t i o n ,  so t h a t  th e  b e a r in g  cannot be  a c c u r a t e l y  de te rm in ed  when 
th e  wind i s  i n  c e r t a i n  d i r e c t i o n s .  The s i n e / c o s i n e  p o t ,  however, g iv e s  
two v o l t a g e  o u tp u ts  (one p r o p o r t i o n a l  to  th e  s in e  o f  th e  wind d i r e c t i o n  
a n g le ,  th e  o th e r  to  th e  c o s in e )  which do n o t  s u f f e r  from any such d i s ­
c o n t i n u i t i e s .  By c o n n ec t in g  t h e s e  two o u tp u ts  to  t h e  an a logue  i n t e r ­
f a c e  th e  wind d i r e c t i o n  a n g le  can be  a r r i v e d  a t  by d iv id in g  t h e  two 
v o l t a g e s  and computing th e  a r c ta n g e n t  o f  t h e  r e s u l t .
4 .4 «  O ther new d e v e lo p m en ts .
4 . 4 . 1 .  Engine RPM.
At p r e s e n t  eng ine  RPM i s  de te rm in ed  by  c o u n t in g  p u l s e s  which occur 
each tim e  a c o n ta c t  l in k e d  to  th e  main s h a f t  c l o s e s .  T h is  c o n ta c t  
c lo s e s  once p e r  r e v o l u t i o n  o f  t h e  main s h a f t  5 t h e  r e s u l t i n g  p u ls e  r a t e  
i s  f a r  too  slow to  g iv e  th e  enhanced measurement r e s o l u t i o n  which th e  
computer i n s t a l l a t i o n  i s  expec ted  to  make p o s s i b l e .  To in c r e a s e  th e  
p u ls e  r a t e ,  a  p ro x im i ty  d e t e c t o r  w i l l  be  positionod above an a c c e s s i b l e  
8 0 - to o th  g e a r  w heel on th e  s h a f t .  The d e t e c t o r  w i l l  g iv e  one p u ls e  
each t im e  a s i n g l e  t o o th  p a sse s  i t ,  th u s  g iv in g  an 80—f o l d  i n c r e a s e  
i n  p u ls e  r a t e  f o r  a g iv e n  RFM v a lu e .  The l i n e  c a r r y in g  th e s e  p u ls e s  
i s  connec ted  to  th e  d i g i t a l  i n t e r f a c e ,  f o r  p u l s e  d e t e c t i o n  and co u n t in g  
■under computer c o n t r o l .
4 . 4 . 2 .  B lock  a c c e l e r a t i o n s .
The tow ing b lo c k  i s  a  c r i t i c a l  p o i n t ,  p a r t i c u l a r l y  on a  s id e  
t r a w l e r ,  a s  a l l  m ech an ica l  i n t e r a c t i o n s  be tw een s h ip  and g e a r  must be 
e f f e c t e d  by c o u p l in g  th ro u g h  th e  b lo c k .  T h is  p o in t  was t h e r f o r e  chosen  
as  th e  l o c a t i o n  f o r  an in s t ru m e n t  to  m easure a n g u la r  m o tio n s ,  w hich a r e  
r e g r e t t a b l y  a f a c t  o f  l i f e  on b o a rd  a  s h ip .
T hree  a n g le s  must o f  c o u rse  b e  mea.sured in d e p e n d e n t ly ,  nam ely, 
r o l l ,  p i t c h  and yaw. T h is  w i l l  be  done u s in g  t h r e e  s t r a i n  gaugo 
a c c e le r o m e te r s  mounted i n  th e  same f ra m e .  Thus t h r e e  l i n e s  must be 
connec ted  to  th e  a n a lo g u e  i n t e r f a c e ,  c a r r y in g  v o l t a g e s  p r o p o r t i o n a l
to  t h e  r e s p e c t i v e  a c c e l e r a t i o n s .  The in s t a n ta n e o u s  a n g le s  and a n g u la r  
v e l o c i t i e s  can th e n  he  o b ta in e d  by i n t e g r a t i o n  w i th in  th e  com puter.
4 .5»  E x i s t in g  in s t ru m e n ts  adap ted  f o r  th e  computer i n s t a l l a t i o n .
The r e a d e r  w i l l  no doubt be  f a m i l i a r  w i th  th e  p r e s e n t  gene­
r a t i o n  o f  in s t ru m e n ts  w hich have b een  used  by  th e  M arine L a b o ra to ry  f o r  
f i s h i n g  g e a r  r e s e a r c h  ( 4 ) • Leaving a s id e  u n d e rw a te r  in s t ru m e n ts  f o r  th e  
p r e s e n t ,  t h e  f a c t  t h a t  a l l  t h e  equipment was d e s ig n e d  to  g iv e  an o u tp u t  
s u i t a b l e  f o r  paper  c h a r t  r e c o r d e r s  c o n s id e r a b ly  e a se s  t h e  problem of 
a d a p t in g  them f o r  u se  w i th  th e  computer i n s t a l l a t i o n .  The ana logue  
i n t e r f a c e  ( F ig .  2) w i l l  a cc e p t  s i g n a l s  i n  th e  r a n g e  —20 m i l l i v o l t s  to  
+20 m i l l i v o l t s .  T h is  co v e rs  th e  ra n g e  of th e  c h a r t  r e c o r d e r s  used  a t  
p r e s e n t ,  i . e .  0 to  +12 m i l l i v o l t s .  Thus th e  warp d iv e rg e n c e  and de­
c l i n a t i o n  m e te r s ,  deck  warp t e n s i o n  c e l l s  and p r o p e l l e r  t h r u s t  m eter 
a r e  a l r e a d y  co m p a tib le  i n  s i g n a l  o u tp u t  ra n g e  w i th  th e  an a lo g u e  i n t e r ­
f a c e .  Some minor m o d i f i c a t io n s  w i l l  have to  b e  made, however, to  in ­
c r e a s e  t h e  a c c u ra cy  o b ta in a b le  from t h i s  equipment to  s u i t  t h e  capa­
b i l i t i e s  o f  th e  new sy s tem . These w i l l  i n c lu d e  improved t r a n s d u c e r  
power su p p ly  s t a b i l i s a t i o n  and red u ced  s ig n a l  so u rc e  im pedance.
F i n a l l y ,  a word abou t t h e  echosounder .  The o u tp u t  from t h i s  can 
c o n v e n ie n t ly  be  p re s e n te d  to  t h e  computer i n  d i g i t a l  form  i n  th e  way 
i l l u s t r a t e d  by  F i g .  4* A b i s t a b l e  o u tp u t  i s  o n ly  " f l i p p e d "  betw een th e  
t im e s  o f  sounder t r a n s m is s io n  and th e  r e c e p t i o n  of th e  r e t u r n  p u ls e  from 
th e  se a  b e d .  The computer can r e c o g n i s e  t h e  s t a t e  of th e  b i s t a b l e  o u t­
p u t ,  v i a  th e  d i g i t a l  i n t e r f a c e ,  and so can d e te rm in e  th e  t r a n s m i t —r e ­
c e iv e  i n t e r v a l  by  c o u n t in g  p u l s e s  from th e  c r y s t a l  c lo c k  d u r in g  t h i s  
p e r i o d .  A r e l a t i v e l y  s im p le  o p e r a t io n  w i l l  th e n  c o n v e r t  t h i s  tim e  
i n t o  t h e  r e q u i r e d  d e p th .  T h is  b a s i c  system  cou ld  g iv e  r i s e  to  problem s 
shou ld  t h e  l e v e l  of p u l s e  d i s c r i m i n a t i o n  be  su ch , t h a t  m idwater echoes 
were sometimes m is tak en  f o r  th e  sea  b o tto m . E r r o r s  due to  t h i s  e f f e c t  
can b e  c o n s id e r a b ly  re d u c ed  by u s in g  an echo -sounder  w i th  a  "bottom  
look" f a c i l i t y  5 a sounder o f  t h i s  ty p e  i s  a v a i l a b l e  on th e  " E x p lo r e r " .
A f u r t h e r  e l im in a t io n  o f  e r r o r s  can  be  e f f e c t e d  by  programming th e  com­
p u te r  t o  r e c o g n i s e  s p u r io u s  r e a d in g s  on a  s t a t i s t i c a l  b a s i s ,
5 . U nderw ater I n s t r u m e n t s .
5 . 1 . G e n e ra l .
The problem s r e l a t i n g  to  t h e  i n t e r f a c e  betw een  sh ip b o a rd  i n s t r u ­
ments and computer a r e  f a i r l y  c o n v e n t io n a l ,  a s  t h e  equipm ent i s  q u i t e  
a c c e s s i b l e .  Q u ite  a  d i f f e r e n t  s i t u a t i o n  h o ld s  f o r  th e  in s t ru m e n ts  on 
t h e  n e t  o r  o th e r  u n d e rw ate r  p a r t s  o f  t h e  g e a r ,  which may be  a s  much a s  
h a l f  a m i le  from th e  o b s e rv e r  on th e  s h i p ,  and fu r th e r m o re  ■under s e v e r a l  
hundred  f e e t  o f  w a te r .  T h is  s i t u a t i o n  c a l l s  f o r  th e  u se  o f some k in d  of
t e l e m e te r  system  -which w i l l  t r a n s m i t  th e  in f o r m a t io n  a c r o s s  such d i s ­
ta n c e s  w i th  a minimum o f d e g r a d a t io n .  The s im plest form of t e l e m e te r  
would employ an in d ep en d en t c a b le  to  c a r r y  e l e c t r i c a l  s i g n a l s  from g e a r  
to  s h i p .  However, a m ajor aim i n  th e  developm ent o f  t h e  new system  
was to  keep to  a minimum th e  e x t r a  h i t s  and p ie c e s  w hich have to  he 
a t t a c h e d  to  a g e a r ,  to  re d u c e  th e  e f f e c t  o f  t h e  in s t r u m e n ta t i o n  on th e  
b e h a v io u r  o f  th e  g e a r .  So, o th e r  meda w i l l  he  used  f o r  s ig n a l  t r a n s ­
m is s io n  a s  d e s c r ib e d  i n  s e c t i o n s  5 »2—5*3.
S ig n a ls  a r e  n o rm a lly  t r a n s m i t t e d  over a t e l e m e te r  l i n k  i n  d i g i t a l  
fo rm . T h is  i s  done to  re d u c e  th e  e f f e c t  o f  i n t e r f e r e n c e  to  th e  s ig n a l  
from o u t s i d e  s o u r c e s ,  w hich i s  u s u a l l y  a b ig  problem  i n  t e l e m te r y  ap­
p l i c a t i o n s ,  T h is  means, o f  c o u r s e ,  t h a t  where in s t r u m e n ts  g iv in g  an 
an a logue  o u tp u t  a r e  b e in g  used  u n d e rw a te r ,  t h e  ABC on th e  sh ip  cannot 
be  used  5 i n s t e a d ,  s e p a r a t e  ABC's i n  th e  u n d e rw a te r  t e l e m e te r  c o n t r o l  
u n i t s  c o n v e r t  t h e s e  o u tp u ts  b e f o r e  t r a n s m is s io n  a c r o s s  th e  l i n k ,  f o l ­
low ing which th e  s i g n a l  goes  d i r e c t  to  t h e  d i g i t a l  i n t e r f a c e .
5 . 2 . ^ e t  i n s t r u m e n t s .
A number of t e l e m e te r  system s f o r  t h e  t r a n s m is s io n  o f d a ta  from 
a f i s h i n g  n e t  to  t h e  tow ing s h ip  have been  d e s c r ib e d  f ( 5 , 6 , 9 ) i n ­
deed , equipment of t h i s  n a tu r e  i s  a v a i l a b l e  c o m m erc ia l ly .  However, 
such equipm ents  a r e  a lm os t e x c lu s iv e ly  co n ce rn ed , a t  t h e  p r e s e n t  t im e ,  
w i th  s i n g l e  channe l m easurem ents. That i s ,  t h e  in s t ru m e n t  o n ly  t r a n s ­
m i ts  in f o r m a t io n  on one p a ram ete r  o f  t h e  g e a r ,  f o r  exam ple, t h e  dep th  
o f  t h e  h e a d l in e  b e n e a th  t h e  s u r f a c e .  O b v io u s ly ,  to  g e t  a  more com­
p re h e n s iv e  coverage  o f  t h e  g e a r ,  in fo r m a t io n  from a number of i n s t r u ­
ments must be  t r a n s m i t t e d  a c r o s s  t h e  l i n k .  How th e  t e l e m e te r  l i n k s  
d e s c r ib e d  h e re  a r e  b a s i c a l l y  s i n g l e  c h a n n e l ,  i . e .  can on ly  c a r r y  i n f o r ­
m ation  from one in s t ru m e n t  a t  a  t im e ,  and t h i s  means t h a t  a l l  th e  i n ­
s t ru m e n ts  must be  s e l e c t e d  i n  t u r n  f o r  c o n n e c t io n  to  t h e  t r a n s m i t t i n g  
c i r c u i t r y ,  so t h a t  over a p e r io d  o f  tim e  d a ta  on more th a n  one n e t  
p a ra m e te r  i s  r e c e iv e d  a t  th e  s h ip .
At t h e  Marine L a b o ra to ry ,  A berdeen , a  s i n g l e  ch an n e l  t e l e m e te r  has  
b een  developed  to  m easure th e  d i s t a n c e  betw een th e  wing ends o f  a  n e t  
( 5 ) . Hork i s  now i n  p r o g r e s s ,  aimed a t  th e  e x te n s io n  o f t h i s  system 
to  h a n d le  up to  l 6 s e p a r a t e  in s t ru m e n ts  on t h e  n e t ,  and i t  i s  expec ted  
t h a t  a  16—chan n e l in s t ru m e n t  shou ld  be  o p e r a t i o n a l  abou t th e  tim e  when 
th e  computer equipment w i l l  b e  i n s t a l l e d  on th e  F .R .S .  " E x p lo r e r " ,
In fo rm a t io n  w i l l  b e  t r a n s m i t t e d  from n e t  to  s h ip  a s  a c o u s t i c  s ig ­
n a l s  i n  t h e  w a te r .  The perfo rm ance  o f an a c o u s t i c  l i n k  i s  l im i t e d  by 
th e  f a r  from i d e a l  a c o u s t i c  t r a n s m is s io n  p r o p e r t i e s  o f  s e a  w a te r .  In  
p a r t i c u l a r ,  t h e  d a ta  t r a n s m is s io n  r a t e  i s  l im i t e d  by th e  e x i s t e n c e  of 
" m u l t ip a th "  e f f e c t s ,  i . e .  t h e  r e s u l t s  of m u l t i p l e  s c a t t e r i n g  o f  acous­
t i c  ' waves by p a r t i c l e s  i n  t h e  w a te r  ( 7 )»
E xperim en ts  have heen  c a r r i e d  ou t on F .R .S .  "E x p lo re r"  u s in g  th e  
n e t  t e l e m e te r  t r a n s m i t  and r e c e i v e  u n i t s  to  d e te rm in e  t h e  magnitudo 
of t h i s  l i m i t a t i o n .  The r e s u l t s  o b ta in e d  show t h a t  i n  norm al co n d i­
t i o n s ,  w i th  s u i t a b l y  chosen  a c o u s t i c  t r a n s d u c e r  beam w idths, i t  shou ld  
be  p o s s i b l e  to  s u s t a i n  a  d a ta  t r a n s m is s io n  r a t e  o f  one chan n e l p e r  se ­
cond. To o p t im is e  t h e  maximum t r a n s m is s io n  r a t e ,  t h e  t r a n s d u c e r  beam— 
w id th s  must be  made a s  sm a ll  a s  p o s s i b l e  w h i le  s t i l l  a l lo w in g  easy  
t r a n s d u c e r  a l ig n m e n t .  I t  f u r t h e r  h e lp s  to  d i f f e r e n t i a t e  between h o r i ­
z o n ta l  and v e r t i c a l  beam w idths, and th e  Aberdeen n e t  t e l e m e te r  employs 
two s e p a r a t e  t r a n s d u c e r s  i n  th e  t r a n s m i t t i n g  u n i t  to  a c h ie v e  t h i s .  
Having done t h i s ,  a s i n g l e  t r a n s d u c e r  i n  th e  r e c e i v e r  u n i t  was found 
to  be  q u i t e  a d e q u a te .
The e s s e n t i a l s  o f  a  s i n g l e  ch an n e l  t e l e m e te r  a r e  shown i n  th e  b loc j 
diagram  o f F i g .  5» A sequence c o n t r o l l e r  g e n e r a t e s  a  s e r i e s  o f  p u l s e s  
a t  r e g u l a r  i n t e r v a l s .  Each t im e  one o f t h e s e  e l e c t r i c a l  p u l s e s  o c c u r s ,  
an a o o u s t i c  p u ls e  i s  t r a n s m i t t e d  from one of t h e  t r a n s d u c e r s .  A c e r ­
t a i n  t im e  a f t e r  t h i s  e v e n t ,  t h e  second  t r a n s d u c e r  d e t e c t s  th e  a c o u s t i c  
d i s t u r b a n c e ,  r e c o n v e r t s  i t  to  an e l e c t r i c a l  p u l s e  which i s  a m p l i f ie d  
and f e d  b ack  i n t o  t h e  sy s tem . A t im e r  i s  u sed  to  m easure th e  t im e  in to :  
v a l  be tw een  t r a n s m i t  and r e c e i v e  p u l s e s ,  w hich i s  s im ply  done by g a t in g  
an o s c i l l a t o r  on w i th  t h e  f i r s t  and o f f  w i th  t h e  seco n d . The r e s u l t a n t  
number o f  o s c i l l a t i o n s  i s  f e d  to  an e n co d e r ,  which c o n v e r ts  t h i s  d i g i ­
t a l  d i s t a n c e  in fo r m a t io n  i n t o  a n o th e r  d i g i t a l  form  b e t t e r  s u i t e d  f o r  
t r a n s m i t t i n g  a c r o s s  t h e  a c o u s t i c  l i n k  to  th e  s h ip .
The e x te n s io n  to  t h i s  b a s i c  system  to  i n c o r p o r a t e  more th a n  one 
p a ra m e te r  i s  shown i n  F i g .  6 . T h is  t im e ,  a s  w e l l  a s  p roduc ing  a  s e r i e s  
o f  p u l s e s  (each  of which c au se s  one measurement fo  be  made) t h e  sequence 
c o n t r o l l e r  a l s o  g e n e r a te s  a  "ch an n e l  s e l e c t 11 s i g n a l  which t e l l s  th e  
r e s t  o f  t h e  system  which measurement i s  go in g  to  b e  made when th e  n ex t 
p u ls e  o o c u rs .  F i r s t l y ,  th e  chan n e l s e l e c t  s i g n a l  i s  u sed  to  s e t  th e  
m u l t i p l e x e r  so t h a t  o n ly  th o s e  s e n s o rs  r e l a t i n g  to  t h a t  p a r t i c u l a r  
ch an n e l  a r e  connec ted  to  t h e  measurement c i r c u i t r y  when th e  n ex t  
p u l s e  o c c u r s .  A lso ,  th e  encoder must have th e  c h an n e l  s e l e c t  s i g n a l  
a v a i l a b l e ,  b ecau se  each measurement which i s  t r a n s m i t t e d  to  th e  s u r ­
f a c e  i s  aooompanied by f u r t h e r  d a ta  which e x p l i c i t l y  g iv e s  th e  appro­
p r i a t e  ch an n e l  number. In  t h i s  way, t h e r e  can  be no am b ig u ity  i n  de­
c id in g  (on  th e  sh ip )  from which of th e  n e t  in s t r u m e n ts  a  p a r t i c u l a r  
measurement comes.
I t  w i l l  be  seen  from F i g .  6 t h a t  two k in d s  of p a ram ete r  sen so r  
a r e  co n n ec ted  to  th e  system . F i r s t l y ,  t h e r e  a r e  th o s e  concerned  w i th  
m easuring  d i s t a n c e ,  th e  o p e r a t io n  o f  which h a s  a l r e a d y  been  d e s c r ib e d  
above. S econd ly , we have a q u i t e  d i f f e r e n t  (b u t  more g e n e r a l )  ty p e ,  
which in c lu d e s  s e n s o rs  to  measure t e n s i o n s ,  d e p th ,  t e m p e ra tu re ,  e t c .
The common f e a t u r e  o f  th e  l a t t e r  group i s  t h a t  t h e s e  in s t ru m e n ts  can
a l l  be  convenier£Ly made to  g iv e  a  v o l t a g e  a n a lo g u e  o u tp u t  from a t r a n s ­
d u cer  b r id g e  c i r c u i t .  T h e r e f o r e ,  as  f a r  as  t h e  r e s t  of th e  system  i s  
c o n ce rn ed , a l l  such in s t ru m e n ts  ap p ea r  i d e n t i c a l .  The most u s e f u l  i n ­
s tru m en t i n  t h i s  group i s  th e  load  c e l l ,  f o r  m easuring  th e  s t r a i n  i n  
b r i d l e  and o th e r  w i r e s .  The fo l lo w in g  p a ra g ra p h s  w i l l  c o n s id e r  ex lu s iv c  
l y  th e  c o n n e c t io n  o f  lo a d  c e l l s  to  a  m u l t ic h a n n e l  t e l e m e te r  system , b u t  
o f  c o u rse  what i s  s a id  t h e r e  cou ld  e q u a l ly  a p p ly  to  th e  c o n n e c t io n  of 
some o th e r  pa ram ete r  s e n s o r .
Two q u i t e  genera.1 p o in t s  must be  made b e f o r e  p ro c e ed in g  w i th  a 
more d e t a i l e d  d e s c r i p t i o n .
a) In  o rd e r  to  re d u c e  t h e  co m p lex ity  of t h e  c o n t r o l  c i r c u i t r y ,  a l l  
i n s t r u m e n ts  connec ted  to  th e  system  must produce  a s  n e a r l y  a s  p o s s i b l e  
th e  same k ind  o f s i g n a l s .  How th e  system  under d i s c u s s io n  was conceivec 
a s  a  d i s t a n c e  m easuring  d e v ic e ,  u s in g  a c o u s t i c  t r a n s d u c e r s .  So, th e  
a d d i t i o n  o f  lo ad  c e l l s  to  th e  system  can  be most e f f i c i e n t l y  c a r r i e d  
ou t by a r r a n g in g  t h a t  t h e  system  g e t s  d a ta  from th e  lo ad  c e l l s  i n  an 
e q u iv a l e n t  form  to  t h a t  from d i s t a n c e  s e n s o r s ,  i . e .  a s  a p a i r  o f  p u ls e s  
s e p a r a te d  i n  tim e  by  a p e r io d  p r o p o r t i o n a l  to  t h e  p a ra m e te r  i t  i s  r e ­
q u i re d  to  m easure .
b) Good u n d e rw a te r  conneciPrs a r e  v e ry  e x p e n s iv e ,  and t h e i r  c o s t  
and s i z e  b o th  r i s e  r a p i d l y  w i th  th e  number o f p in s  on th e  c o n n e c to r .  
T h e r e f o r e ,  th e  s m a l le r  t h e  number o f  l e a d s  i n  th e  c a b le  c o n n ec t in g  th e  
c o n t r o l  c i r c u i t r y  w i th  a lo ad  c e l l  t h e  b e t t e r  f i d e a l l y  t h i s  c a b le  
shou ld  have  o n ly  two l e a d s ,  one s c re e n  and one i n n e r .  T h is  means of 
c o u rse  t h a t  any power r e q u i r e d  by th e  in s t ru m e n t  must be  c a r r i e d  by  th e  
same le a d s  as  th e  d a t a  s i g n a l ,  b u t  t h i s  does n o t  g iv e  r i s e  to  any g r e a - 
d i f f i c u l t y .
A t e n s i o n  to  be  measured i s  c o n v e r te d  to  a p r o p o r t i o n a l  v o l t a g e  
from a b r id g e  c i r c u i t  by means o f  a  p r e s s u r e  t r a n s d u c e r  h y d r a u l i c a l l y  
coup led  to  a  p i s t o n  under lo a d i  The b r id g e  o u tp u t  v o l t a g e  by  i t s e l f  
s a t i s f i e s  n e i t h e r  of t h e  above s t a t e d  c o n d i t io n s  ; (a )  f o r  obvious  
r e a s o n s  and (b) b eca u se  4 lo a d s  a r e  r e q u i r e d  f o r  a  b r id g e  c i r c u i t .  The 
answer to  t h i s  i s  to  i n c o r p o r a t e  some a d d i t i o n a l  c i r c u i t r y  i n  t h e  load  
c e l l  i t s e l f .  C i r c u i t r y  f o r  th is  p u rpose  has  been  d ev e lo p e d ,  and i s  
shown a s  a  b lo c k  diagram  i n  F i g .  7» The o p e r a t io n  o f  t h i s  c i r c u i t  i s  
a s  f o l l o w s .  I n i t i a l l y ,  t h e  clamp i s  sw itch ed  on , and h o ld s  th e  v o l ­
ta g e  a c r o s s  C1 a t  some f i x e d  v a l u e ,  V re f .  C1 i s  co n n ec ted  to  one in p u t  
o f  a  c o m p ara to r ,  t h e  o th e r  in p u t  b e in g  connec ted  to  t h e  o u tp u t  o f  a 
d i f f e r e n t i a l  a m p l i f i e r  which i s  r e q u i r e d  to  r a i s e  th e  (n o rm a lly )  low 
s i g n a l  v o l t a g e  o b ta in a b le  from th e  b r id g e  c i r c u i t  to  a  s u i t a b l y  h ig h e r  
l e v e l ,  say  V . V ref must be l e s s  th a n  th e  s m a l l e s t  p o s s i b l e  v a lu e  
o f  th e  a m p l i f i e r  o u tp u t  v o l t a g e .  How suppose t h a t  th e  sequence c o n t r o l ­
l e r  ( F ig .  6) g e n e r a te s  a  p u l s e ,  and i t  r e q u i r e s  in fo r m a t io n  from t h i s  
p a r t i c u l a r  lo ad  c e l l ,  th e n  th e  m u l t ip l e x e r  i s  s e t  to  fe e d  t h i s  p u ls e  
v i a  C3 down th e  c o n n e c t in g  c a b le  to  th e  le a d  c e l l ,  and so v i a  02 
to  th e  c lo c k  in p u t  o f  th e  b i n a r y ,  which th e n  changes s t a t e .  The b in a r y
o u tp u t  c o n t r o l s  th e  clam p, which now s w i tc h e s  o f f  ( i . e .  t h e  clamp o u t ­
p u t  goes open c i r c u i t ) .  T h e re fo re ,  th e  c u r r e n t  I  i s  a l lo w ed  to  flow 
i n t o  C1, and a s  a r e s u l t  t h e  v o l t a g e  a c r o s s  C1, s t a r t i n g  from V re f ,  i n ­
c r e a s e s  l i n e a r l y  w i th  t im e .  T h is  c o n t in u e s  u n t i l  a  v o l t a g e  l e v e l  equa l 
to  V i s  r e a c h e d .  The com para tor d e t e c t s  t h i s  c o n d i t i o n ,  and t r i g g e r s  
t h e  p u ls e  g e n e r a to r .  T h is  has  two e f f e c t s ,  ( l )  t h e  b in a r y  i s  r e s e t ,  
c au s in g  th e  clamp to  come on a g a in ,  so r e t u r n i n g  th e  c i r c u i t  to  i t s  
i n i t i a l  c o n d i t i o n ,  and ( 2 ) a  p u ls e  i s  s e n t  b ack  down th e  co n n ec t in g  
c a b le ,  to  th e  c o n t r o l  c i r c u i t r y ,  and i s  used  v i a  t h e  m u l t ip l e x e r  to  
s to p  th e  t i m e r .  C le a r l y ,  p ro v id ed  th e  v o l t a g e  ramp a c r o s s  C1 was s u f ­
f i c i e n t l y  l i n e a r ,  t h e  t im e  d e la y  betw een th e  f i r s t  and second p u ls e s  
i s  p r o p o r t i o n a l  to  V - V r e f ,  which i s  l i n e a r l y  r e l a t e d  to  th e  q u a n t i t y  
i t  i s  r e q u i r e d  to  m easure . So, by th e  u se  o f  t h i s  c i r c u i t r y  th e  same 
t im e r ,  en co d e r ,  e t c .  a s  would be used  f o r  d i s t a n c e  measurement has  been  
used  to  p ro v id e  a d i g i t a l  measurement o f  a t r a n s d u c e r  an a logue  o u tp u t .
The d i s t a n c e  and t e n s i o n  s e n s o rs  have n o t  been  made e x a c t ly  e q u i­
v a l e n t ,  a s  t h e r e  would be no p o in t  i n  u s in g  th e  HV p u l s e  g e n e r a to r  ( F ig .
6) h e r e .  In d eed , th e  o p e r a t io n  o f  th e  HV p u ls e  g e n e r a to r  w h i le  a load  
c e l l  ch an n e l  was b e in g  sampled cou ld  le ad  to  u n d e s i r a b l e  i n t e r f e r e n c e  
e f f e c t s ,  and so t h i s  u n i t  i s  i n h i b i t e d  i n  t h e s e  c i rc u m s ta n c e s  by a  g a te  
and a d e c o d e r .  The l a t t e r  d e t e c t s  th e  c o n d i t io n  " lo a d  c e l l  channe l 
n e x t"  from  th e  in fo r m a t io n  s u p p l ie d  to  i t  on th e  c h an n e l  s e l e c t  l i n e .
Based on "w ors t  ca se"  component t o l e r a n c e s ,  th e  measurement e r r o r  
(assum ing  a 5° C am bient te m p e ra tu re  ra n ^ e )  in t r o d u c e d  by th e  lo ad  c e l l  
c i r c u i t r y  h a s  been c a l c u l a t e d  to  be  somewhat l e s s  th a n  1  fo o f  th e  f u l l  
s c a l e  m easurem ent. A t y p i c a l  e r r o r  f i g u r e  would be  l e s s  th a n  O.5  fo»
The c i r c u i t  d e s c r ib e d  above can ,  a s  was s t a t e d ,  h an d le  th e  output": 
from a v a r i e t y  of t r a n s d u c e r s .  I t  i s  t h e r e f o r e  p roposed  t h a t  a q u a n t i t y  
of t h e s e  c i r c u i t s  w i l l  be  m anufac tu red  so t h a t  th e y  can be  used  i n  any 
e x te n s io n s  to  th e  f u l l y  developed  system  r e q u i r e d  a t  a l a t o r  d a t e .  T h is  
w i l l  r e s u l t  i n  a  v e ry  f l e x i b l e  system , a s  an a d d i t i o n a l  in s t ru m e n t  co u ld  
be in c o r p o r a te d  i n  th e  t e l e m e te r  m ere ly  by s e l e c t i n g  an a p p r o p r i a t e  
t r a n s d u c e r ,  w ir in g  on a  c i r c u i t  c a rd  and c o n n ec t in g  to  th e  c o n t r o l  u n i t  
u s in g  t h e  s ta n d a rd  c a b le  and c o n n e c to r s .
5 * 3 .  O t t e r b o a r d  i n s t r u m e n t s .
I t  i s  n o t  a p r a c t i c a l  p r o p o s i t i o n  to  con n ec t in s t ru m e n ts  l o c a t e d  on 
o r  n e a r  th e  o t t e r b o a r d s  i n t o  t h e  n e t  t e l e m e te r  sy stem , b eca u se  o f  th e  
d i s t a n c e  s e p a r a t i n g  th e  two p a r t s  o f  t h e  g e a r .  I t  i s  n o t  on ly  th e  d i s ­
ta n c e  i t s e l f  which i s  t h e  problem , b u t  a l s o  t h e  damage which cou ld  r e ­
s u l t  th ro u g h  f r e q u e n t  ground c o n ta c t  i f  a c a b le  w e re ,  s a y ,  a t t a c h e d  to  a  
b r i d l e  w ire  on a bo ttom  t r a w l .  T h e r e f o r e ,  a q u i t e  s e p a r a t e  t e le m e te r  
l i n k  i s  r e q u i r e d  to  s e r v i c e  o t t e r b o a r d  in s t r u m e n ts .
A s e t  o f  i n s t r u m e n t s ,  t o g e th e r  w i th  a s s o c i a t e d  c o n t r o l  and t e l e ­
m eter equ ipm ent,  s p e c i f i c a l l y  in te n d e d  f o r  o t t e r b o a r d  measurements has  
been  developed  by th e  C e n t r a l  I n s t i t u t e  f o r  I n d u s t r i a l  Resea-rch, O slo . 
I t  i s  p roposed  t h a t  t h i s  in s t ru m e n t  s e t  be u s e d ,  i n  c o n ju n c t io n  w i th  
th e  d i g i t a l  com puter, t o  o b ta in  d e t a i l e d  in fo r m a t io n  on th e  b eh av io u r  
o f  o t t e r b o a r d s  on g e a r s  worked from  F .R .S .  " E x p lo r e r " .  D e t a i l s  o f  th e  
b o a rd  in s t r u m e n ts  and c o n t r o l  equipment have b een  d e s c r ib e d  a t  p re v io u s
I . F .  m ee t in g s  ( 8 ) ,  and need n o t  be  repea .ted  i n  t h i s  p a p e r .
The c o n t r o l  u n i t  o f  th e  b o a rd  t e l e m e te r  s e l e c t s  i n  t u r n  th e  i n ­
s t ru m e n ts  connec ted  to  th e  system , and d i g i t i s e s  th e  in s t ru m e n t  re a d in g  
to  f i n a l l y  p roduce  a  f r e q u e n c y  d i v i s i o n  m u l t ip le x e d  o u tp u t .  In  o th e r  
words , d a ta  from each  in s t ru m e n t  (one a t  a t im e) i s  c o n v e r ted  to  a 
p u l s e  t r a i n  whose f r e q u e n c y  i s  r e l a t e d  to  th e  q u a n t i t y  i t  i s  r e q u i r e d  
to  m easu re . The q u e s t i o n  now a r i s e s  a s  to  how t h e s e  p u l s e s  w i l l  be 
t r a n s m i t t e d  from th e  b o a rd  to  a r e c e i v i n g  t e r m in a l  on t h e  s h i p .  Two 
means o f  do ing  t h i s  a r e  a v a i l a b l e  w i th  th e  s ta n d a rd  t e l e m e te r  s e t  3 
t h e s e  a r e  an in d ep en d en t c a b le  c o n n e c t io n ,  o r  an a c o u s t i c  l i n k .  The 
in d ep en d en t  c a b le  i s  o f  c o u rse  an e x c e l l e n t  medium f o r  t h e  t r a n s m is s io n  
o f e l e c t r i c a l  s i g n a l s ,  b u t  a s  a l r e a d y  s t a t e d  h a s  s e r io u s  e n g in e e r in g  
d i s a d v a n ta g e s ,  p a r t i c u l a r l y  when used  on a  bo ttom  t r a w l .  On th e  o th e r  
hand an a c o u s t i c  l i n k  would a l s o  be -u n d e s ira b le ,  a s  one h a s  a l r e a d y  
been  s p e c i f i e d  f o r  t h e  n e t  t e l e m e te r  system . Of c o u r s e ,  b o th  b o a rd  
and n e t  in s t r u m e n ts  w i l l  be  used  on th e  same t e s t ,  so d a ta  t r a n s m is s io n  
over two in d ep en d en t a c o u s t i c  l i n k s  cou ld  le a d  to  awkward i n t e r f e r e n c e  
p ro b le m s .
B ecause  o f  th e  d i f f i c u l t i e s  a s s o c i a t e d  w i th  t h e s e  methods o f  d a ta  
t r a n s m is s io n ,  some th o u g h t  h a s  b een  g iv e n  to  a l t e r n a t i v e  te c h n iq u e s  
f o r  s en d in g  d a ta  from an o t t e r b o a r d  to  t h e  s h ip .  In  p a r t i c u l a r ,  th e  
tow ing warp has  been  c o n s id e re d  a s  a v e h i c l e  f o r  c a r r y in g  e l e c t r i c a l  
s i g n a l s .  T h is  cou ld  b e  done w i th o u t  m odify ing  th e  e x t e r n a l  c h a ra c ­
t e r i s t i c s  o f  th e  w arp , by  r e p l a c i n g  p a r t  o f  th e  f i b r e  c o re  by  an i n ­
s u l a t e d  c o n d u c t in g  w i r e .  In  t h i s  way an e l e c t r i c a l  s i g n a l  cou ld  be  
s e n t  up th e  in n e r  c o n d u c t in g  w i r e ,  w i th  t h e  r e t u r n  p a th  th ro u g h  th e  
o u te r  s t e e l  o f  t h e  w arp . But now th e  problem i s  how to  g e t  a c c e s s  to  
th e  i n n e r  c o n d u c to r  so t h a t  i t  can b e  connec ted  to  th e  p u ls e  g e n e r a to r  
i n  th e  b o a rd  c o n t r o l  c i r c u i t r y .  I t  would be p o s s i b l e ,  o f  c o u r s e ,  to  
t a k e  th e  i n s u l a t e d  in n e r  co n d u c to r  ou t th ro u g h  th e  s t e e l  s t r a n d s  of the  
warp a t  a  p o in t  c lo s e  to  th e  end o f th e  w arp . However, t h i s  would n o t  
be  a  s a t i s f a c t o r y  s o l u t i o n ,  a s  t h i s  end o f th e  warp has  to  be a t ta c h e d  
to  and d e tac h e d  from th e  board  each h a u l .  The c o n d u c to r  w ire  would 
t h e r e f o r e  be  v e ry  l i a b l e  to  g e t  damaged d u r in g  th o s e  o p e r a t i o n s ,  n o t  tc  
m ention  what would happen to  i t  when i t  then g e t s  wound on to  th e  winch 
w i th  t h e  b r i d l e  w i re s  ly in g  on to p  o f  i t .  What i s  w anted th e n ,  i s  some 
means o f i n j e c t i n g  an e l e c t r i c a l  s i g n a l  i n t o  t h e  co n d u c to r  co red  warp 
w i th o u t  h av in g  to  e x t r a c t  t h e  c o n d u c to r  to  make a  p h y s i c a l  co n n ec t io n  
to  i t .  An e x p e r im e n ta l  i n v e s t i g a t i o n  o f  t h i s  te c h n iq u e  r e c e n t l y  c a r r i e  
ou t a t  Aberdeen has  shown t h a t  i t  i s  in d eed  p o s s i b l e  to  do t h i s .
B a s i c a l l y ,  th e  system  used  i s  t h a t  shown i n  F i g .  8 .  The in n e r  
co n d u c to r  i s  s h o r te d  to  th e  s t e e l  o f  th e  warp a t  a  p o in t  c lo s e  to  th e  
eye i n  t h e  o t t e r b o a r d  end of th e  w arp . The c o n d u c to r  need  n o t  be  ta k en  
o u t th ro u g h  th e  s t e e l  s t r a n d s  to  do t h i s .  At th e  s h ip  end , o f  c o u rs e ,  
t h e r e  i s  no problem  about s e p a r a t i n g  th e  c o n d u c to r  from th e  s t e e l  as  
t h i s  end o f  t h e  warp i s  p e rm anen tly  a t t a c h e d  to  th e  s h i p ' s  w inch b a r r e l  
The sh ip b o a rd  te r m in a t io n  cou ld  c o n v e n ie n t ly  be done by a t t a c h i n g  a 
tw o -p o le  so ck e t  to  th e  winch b a r r e l ,  one p o le  co n n ec ted  to  th e  s t e e l  
and th e  o th e r  to  th e  in n e r  c o n d u c to r .  R e tu rn in g  now to  th e  u nderw ater  
equ ipm ent, t h e  p u ls e  t r a i n  o u tp u t  from th e  t e l e m e te r  c o n t r o l  u n i t  on th  
o t t e r b o a r d  i s  f i r s t  a m p l i f i e d  th e n  used  to  d r iv e  a c u r r e n t  t r a n s f o r m e r .  
The o u tp u t  l e a d s  from th e  t r a n s fo rm e r  a r e  clamped on to  th e  s t e e l  of 
t h e  warp so a s  to  g iv e  a good e l e c t r i c a l  c o n ta c t  and y e t  be  e a s i l y  a t ­
ta c h e d  o r  d e ta c h e d .  As t h e  t r a n s f o r m e r  has  a  l a r g e  t u r n s  r a t i o ,  each 
t im e  a p u l s e  i s  produced by th e  b o a rd  t e l e m e te r  a l a r g e  c u r r e n t  f lo w s  
f o r  t h e  d u r a t i o n  o f t h e  p u ls e  th ro u g h  th e  s t e e l  o f  th e  warp betw een 
th e  t r a n s f o r m e r  le a d  c lam ps. The s t e e l  h a s  a  sm a ll  b u t  f i n i t e '  e l e c ­
t r i c a l  r e s i s t a n c e ,  and th e  n e t  r e s u l t  i s  t h a t  a  sm all  v o l t a g e  ap p ea rs  
be tw een  th e  s t e e l  and th e  in n e r  co n d u c to r  w h i le  t h i s  c u r r e n t  f lo w s ,  
p ro v id ed  th e  in p u t  impedance o f  th e  sh ip b o a rd  u n i t s  connec ted  to  th e  
warp i s  r e a s o n a b ly  h ig h .  T h is  sm a ll  v o l t a g e  i s  o n ly  p r e s e n t  f o r  th e  
d u r a t i o n  of a p u ls e  from  th e  t e l e m e te r  c o n t r o l  u n i t  and so i s  i t s e l f  
a  p u l s e ,  which can  be  a m p l i f ie d  by th e  p u ls e  a m p l i f i e r  on th e  sh ip  
p ro d u c in g  i n  t u r n  a  p u ls e  s u i t a b l e  f o r  c o n n e c t io n  to  th e  d i g i t a l  i n ­
t e r f a c e .  Hence each p u l s e  produced  a t  t h e  o t t e r b o a r d  cau se s  one p u ls e  
to  o ccu r  a t  th e  d i g i t a l  i n t e r f a c e ,  and so t h e  f r e q u e n c y  can be  d e t e r ­
mined by  p u ls e  c o u n t in g  under computer c o n t r o l .
An experim en t was c a r r i e d  out to  t e s t  th e  f e a s i b i l i t y  o f  t h i s  
t e c h n iq u e ,  u s in g  a  s h o r t  p ie c e  o f  t r a w l  w arp , abou t 20 f t  lo n g , w i th  
a copper c o n d u c to r  i n s e r t e d  i n t o  i t .  The c o n d u c to r  was s h o r te d  to  th e  
s t e e l  a t  one p o i n t ,  and a t r a n s fo rm e r  connec ted  a s  i n  F i g .  8 .  The 
p r im ary  of th e  t r a n s f o r m e r  was n o t  connec ted  to  a  p u ls e  g e n e r a to r ,  b u t  
i n s t e a d  to  a  50 Hz AC su p p ly  which was more c o n v en ie n t  f o r  th e  p u rp o ses  
of th e  t e s t .  The t r a n s fo rm e r  seco n d ary  le a d s  w ere clamped to  th e  s t e e l  
abou t 45 cm a p a r t ,  and an o s c i l l o s c o p e  was co n n ec ted  betw een  th e  copper 
and th e  s t e e l  a t  t h e  o th e r  end o f th e  w arp . A peak  to  peak  s ig n a l  of 
abou t 20 m i l l i v o l t s  was observed  on th e  sco p e . T h is  i s  an encourag ing  
r e s u l t ,  b e a r in g  i n  mind t h a t  th e  p a r t i c u l a r  t r a n s f o r m e r  used  l im i t e d  
t h e  amount o f  c u r r e n t  w hich co u ld  f low  i n  th e  s t e e l ,  and t h a t  t h i s  
c u r r e n t  cou ld  be  c o n s id e r a b ly  in c r e a s e d  by  improved t r a n s fo rm e r  d e s ig n .  
In  a d d i t i o n ,  th e  s k in  e f f e c t  i n  th e  warp s t e e l  i s  n o t  n e g l i g i b l e  even 
a t  f r e q u e n c i e s  a s  low a s  50 Hz. T h is  means t h a t  th e  r e s i s t a n c e  o f  th e  
s t e e l  to  th e  c u r r e n t  p a s s in g  th ro u g h  i t  i n c r e a s e s  w i th  t h e  f r e q u e n c y  o f  
t h e  c u r r e n t  s o u rc e ,  and c o r re s p o n d in g ly  so does t h e  v o l t a g e  s i g n a l  a t  
t h e  warp t e r m i n a l .  Thus a f a s t  r i s e  t im e  p u l s e  (which i s  what i s  to  
be used  i n  p r a c t i c e )  would le a d  to  a  much g r e a t e r  peak  to  peak s ig n a l  
th a n  t h a t  from a 50 Hz d r iv i n g  waveform o f t h e  same a m p l i tu d e .
F o llo w in g  t h i s  en cou rag ing  e x p e r im en t ,  a t h e o r e t i c a l  i n v e s t i g a t i o n  
was made o f a f u l l  s c a l e  ( i . e .  600 fa thom  long) co n d u c to r  co red  w arp . 
A t t e n t io n  was m ain ly  c o n c e n t r a te d  on th e  t r a n s m is s io n  c h a r a c t e r i s t i c s  
o f  th e  w arp , r e g a r d in g  th e  l a t t e r  a s  a co—a x i a l  c a b l e .  I t  was shown 
t h a t  th e  e x p e r im e n ta l  r e s u l t s  on th e  s h o r t  l e n g th  o f warp co u ld  be  ex­
t r a p o l a t e d  to  p r e d i c t  t h a t  a 600 fa thom  le n g th  o f  co n d u c to r  co red  warp 
cou ld  be used  to  g iv e  a r e a s o n a b le  s i g n a l  l e v e l  a t  th e  s h ip  3 t h a t  i s ,  
t h e  s i g n a l  a t t e n u a t i o n  i n  t r a n s m is s io n  up th e  warp i s  n o t  s e r i o u s .
The e l e c t r i c a l  c h a r a c t e r i s t i c s  o f  th e  warp t r a n s m is s io n  system 
t h e r e f o r e  appea r  to  be  good enough f o r  th e  pu rpose  i n  hand . On th e  
b a s i s  o f  t h i s  p r e p a r a t o r y  work, a p a i r  o f  600 fa thom  co nducto r  cored  
w arps h a s  been  o rd e re d  from  a c a b le  m a n u fa c tu re r  and t h e s e  a r e  expected  
to  be  a v a i l a b l e  f o r  f u l l  s c a l e  t e s t s  on F .R .S .  "E x p lo re r"  l a t e r  t h i s  
y e a r .
There  a r e  s t i l l  some open q u e s t i o n s  r e g a r d in g  th e  m ech an ica l p ro ­
p e r t i e s  o f  t h i s  system . The in n e r  c o n d u c to r  must be  a low r e s i s t a n c e  
m a t e r i a l  — i n  t h i s  c a se  c o p p e r .  S t e e l  cannot b e  used  b ecau se  i t s  h ig h  
r e s i s t a n c e  would le a d  to  c o n s id e r a b le  s ig n a l  a t t e n u a t i o n .  How i t  i s  
w e l l  known t h a t  warps s t r e t c h  when tow ing lo a d s  a r e  a p p l ie d  to  them 3
t h e  copper w i l l  a l s o  s t r e t c h ,  b u t  a s  t h i s  m e ta l  has  a  low y i e l d  p o in t
i t  w i l l  i n  g e n e r a l  r e t u r n  to  a  d i f f e r e n t  f i n a l  l e n g th  th a n  th e  s t e e l  
o f  t h e  w arp . In  f a c t ,  t h e  copper would end up lo n g e r  th a n  th e  warp. 
O b v io u s ly ,  t h i s  s i t u a t i o n  must r e s u l t  i n  k in k in g ,  and e v e n tu a l  b reak ag e , 
o f  t h e  copper c o n d u c to r .  However, i t  i s  hoped to  overcome t h i s  e f f e c t  
i n  t h e  c o n d u c to r  co red  warp to  be  used  on "E x p lo re r"  by s p e c i f y in g  a 
b r a id e d  c o n d u c to r ,  co m p ris in g  many i n d i v i d u a l  s t r a n d s ,  in s t e a d  o f a 
s i n g l e  copper w i r e .  In  t h i s  way, i t  i s  ex p ec ted  t h a t  th e  s t r a i n  on th e  
warp w i l l  n o t  be  t r a n s m i t t e d  to  th e  copper a s  th e  b r a i d  can expand i n  
l e n g th  w i th o u t  s t r e t c h i n g  th e  i n d i v i d u a l  copper w i r e s .  In  view of th e  
n o v e l ty  o f  t h i s  a p p l i c a t i o n ,  however, t h e s e  w arps w i l l  have to  be
t e s t e d  ou t i n  a c t u a l  t r a w l in g  c o n d i t io n s  over a long  p e r io d  o f tim e
b e f o r e  i t  can be  s a id  w i th  c e r t a i n t y  t h a t  th e  m ech an ica l  d e s ig n  i s  
s a t i s f a c t o r y .
Should th e  co n d u c to r  co red  warp t e l e m e te r  be  proved i n  p r a c t i c e ,  
i t  w i l l  p ro v id e  a v e ry  n e a t  way o f t r a n s m i t t i n g  d a ta  from  an o t t e r b o a r d  
to  th e  s h i p .  I t  on ly  a l lo w s  one-way t r a n s m is s io n ,  o f  c o u rse  3 i t  canno* 
be  used  f o r  sen d in g  c o n t r o l  d a ta  from  th e  s h ip  to  th e  b o a rd  in s t ru m e n t  
s e t .  However, th e  p r e s e n t  d e s ig n  o f t h e  computer i n s t a l l a t i o n  does n o t  
r e q u i r e  t h i s  f a c i l i t y .
6 . C o n c lu s io n » .
T h is  p ap er  has  d i s c u s s e d  th e  d e s ig n  and developm ent o f  in s t ru m e n ts ,  
and a s s o c i a t e d  h a rd w are ,  f o r  u se  w i th  a oomputer b a sed  d a ta  lo g g in g  sys-
tem f o r  f i s h i n g  g e a r  r e s e a r c h .  The d e s c r i p t i o n  g iv e n  on th e  o p e r a t io n  
o f  t h e  computer i t s e l f ,  and th e  i n t e r f a c e ,  has  heen  l im i t e d  to  th o s e  
a s p e c t s  d i r e c t l y  r e l e v a n t  to  th e  in p u t  and sequenc ing  o f in s t ru m e n t  
d a t a .
Throughout th e  d e s ig n  o f t h e  com ple te  system , c o n s id e r a b le  em­
p h a s i s  has  been  p la c e d  on o b ta in in g  a  h ig h  d e g re e  o f  f l e x i b i l i t y  in  
th e  sy s tem . This  i s  most im p o r ta n t  c o n s id e r in g  th e  r e s e a r c h  n a tu r e  
o f  th e  a p p l i c a t i o n ,  b e c a u se  i n  r e s e a r c h  th e  d e t a i l s  o f  o p e r a t io n  may 
need to  be  f r e q u e n t l y  changed . C o n seq u en tly ,  many f u n c t i o n s ,  such as  
p u l s e  c o u n t in g ,  which would be  c a r r i e d  ou t by  hardw are  i n  a conventional 
d a ta  lo g g e r  a r e ,  i n  t h i s  system  done by  s o f tw a r e .  I t  i s  much e a s i e r  to  
change th e  program i n  th e  computer th a n  to  a l t e r  th e  w i r in g  of th e  
e l e c t r o n i c  equipm ent.
The in s t ru m e n t  whose c o n n e c t io n s  to  th e  computer have b een  d i s ­
cu ssed  i n  t h i s  p aper  must b e  c o n s id e re d  to  be  a b a s i c  s e t  w hich w i l l  
be  used  i n i t i a l l y .  As th e  system  d ev e lo p s  a f t e r  i n s t a l l a t i o n ,  t h e r e  
w i l l  u n d o u b ted ly  be  many a d d i t i o n s  to  th e  equipment connec ted  o n - l i n e .  
These may w e l l  in c lu d e  i
a) a second Decca N a v ig a to r  s e t ,  f o r  i n t e r c h a i n  f i x i n g
b) a  warp l e n g th  m eter
c) warp v i b r a t i o n  t r a n s d u c e r s
d) lo ad  c e l l s  in c o r p o r a te d  i n  th e  g a l lo w s  b lo c k s
e) flow  m e te rs  lo c a t e d  on th e  n e t  a n d /o r  o t t e r b o a r d
The computer based  d a ta  lo g g in g  system  w i l l  b e  i n s t a l l e d  on th e  
F .R .S .  "E x p lo re r"  e a r l y  i n  1969* Once th e  system  i s  f u l l y  commissioned 
and o p e r a t i o n a l ,  i t  w i l l  be  a pow erfu l t o o l  f o r  o b ta in in g  in fo rm a t io n  
on th e  b e h a v io u r  o f  a t r a w l  g e a r  i n  a c t i o n .  I t  w i l l  th e n  be  p o s s ib l e  
to  i n v e s t i g a t e  many problem s i n  t h i s  f i e l d  w hich canno t be  r e s o lv e d  by 
p r e s e n t  t e c h n iq u e s .
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1. C e n t ra l  p ro c e s s o r  and i n t e r f a c e .
2 .  E l e c t r o - m a g n e t i c  s p e e d  l o g .
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7 . P r o p e l l o r  t h r u s t  m e te r .
8 .  Warp t e n s i o n  c e l l s .
9 .  B lo ck  a c c e le r o m e te r .
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11. T erm ina l f o r  o t t e r b o a r d  d a t a .
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15 . Sweep t e n s i o n  c e l l .
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2 1 . Four sweep t e n s i o n  c e l l .
22 . N e tw id th  t r a n s m i t t e r .
23 . N e tw id th  r e c e i v e r .
24 . H ead lin e  h e ig h t  s e n s o r .
A T e lem e te r  s i g n a l  p a t h s .
V A c o u s t ic  measurement p u l s e s .
FIGURE 1 . LOCATION OF INSTRUMENTS ON SHIP AND GEAR
B lock
acc e le ro m e t
1 Wind vene 
anemometer
E lec  t r  o-magnet i  c
 lo g  '
RPM
m eter
D ivert e ic e /  
d e c l i n a t i o n  
met e r
Deck t e n s i o  
c e l l s ¡Echosounde r  !
warpShipboard
te r m in a l te lem etæ  l i n k
c o n t r o l  I D i g i t a l  
 ------ ^  i n t e r f a c e
a c o u s t i c
.  < --------
te lem etsr l i n k
Analogue
i n t e r f a c e ! Sh ipboard  
I t e r m in a l
N a v ig a t io n a l
i n t e r f a c e
Graph p l o t t e rDecca
N av ig a to r
Memory and 
a r i t h m e t i c  u n i t s  
( c e n t r a l  
p ro c e s s o r ) Paper t a p e  
punches
T y p e w r i te r /  I 
t e l e p r i n t e r
Re­
u n i t e  f o r
  o p e r a to r -
c o n t r o l
Paper tape! 
r e a d e r  '
Board t e l e m e t e r  
 system_____
_!Net t e l e m e te r  
system
u n i t s  f o r  
— in f o r m a t io n  
o u tp u t
FIGURE 2 BLOCK DIAGRAM OF DATA LOGGING SYSTEM
probe
body
c o i l
a th w a r t s h ip  component of 
w a te r  v e l o c i t y ,
fo rw ard  component o f  
w a te r  v e l o c i t y ,
s i g n a l  p r o p o r t i o n a l  
to  V.
s i g n a l  p r o p o r t i o n a l
to  V.F
F ig u r e  3 C o il  and s e n s in g  probe arrangem ent
i n  a two component e l e c t r o —m agnetic  log
T ran sm it
P u lse
R eceived
P u lse
s e t r e s e t
BISTABLE
To d i g i t a l  i n t e r f a c e
Waveforms ( i d e a l i s e d )  s 
s e t  I
r e s e t
B i s t a B le
o u tp u t
F ig u r e  4 P ro v id in g  a  d i g i t a l  o u tp u t  from an echosounder
t r a n s m i t  
t ra n sa .ae or
HV p u ls e  
g e n e r a to r
d i s t a n c e  
to  be 
measured
sequence
c o n t r o l l e r
r e c i v e
a m p l i f i e r
r e c  e iv e  
t r a r  su u ee r
t im e r y ,  encoder ->
t r a n s ­
m i t t e r
F ig u re  5 Kbck d iagram  o f s i n g l e  c h an n e l  t e l e m e te r
CHANNEL
c
í 1 -
A  <
i  I____
6  <  . i
3 - 4 -
C
D
E •— i. •M—
PH
H
X
w
Ph
M
EH
t-3
¡3
- 4 -
>
HV p u ls e  
g e n e r a to r
t e w deco d er
c h an n e l  s e l e c t l i n e
sequence t im e r — encoder t r a n s m i t t e r
c o n t r o l l e r
r e c e i v e r
a m p l i f i e r
I
A
Y
\
\  \
\  N
N V V 
'  » \ 
' t I
; * i 
/ 1 1
' ' /
/  / 
//
c h an n e ls  A and B : -  each h a s  1 p a i r  o f  a c o u s t i c  t r a n s d u c e r s  ( t r a n s m i t  and r e c e iv e )
c o n n ec ted  to  th e  m u l t i p l e x e r ,
c h a r n e l s  C, D and E each h as  1 lo a d  c e l l  ( o r  some o th e r  co m p a t ib le  in s t ru m e n t)
co n n ec ted  to  t h e  m u l t i p l e x e r .
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COURSE TO STEER POR THE TRAWL TO INTERCEPT A PISH SCHOOL
"by
W. DICKSON
Prom th e  r e p o r t s  r e c e iv e d  "by th o s e  engaged i n  m idwater t r a w l in g  
i t  would a p p ea r  t h a t  any f i s h  sch o o l p ick ed  up by th e  sonar  a t  more th an  
20° o f f  th e  s h i p ’ s h ead in g  i s  r a r e l y  caught by th e  t r a w l  n e t .  The t r a w l  
a t  th e  f a r  end o f th e  tow ing warps must change d i r e c t i o n  more g r a d u a l ly  
th a n  th e  s h ip  can  t u r n  and so th e  t r a w l  does n o t  d i r e c t l y  fo l lo w  th e  
p a th  o f  th e  s h i p .  F o llo w in g  a  change i n  d i r e c t i o n  by  th e  s h ip  i t  would 
seem to  be  i m p l i c i t  t h a t  t r a w l  le a v e s  i t s  o r i g i n a l  c o u rse  t a n g e n t i a l l y  
t h e r e a f t e r  fo l lo w in g  a curved  p a th  w hich e v e n tu a l ly  f o l lo w s  t h a t  o f  th e  
t r a w l e r  on i t s  new c o u r s e .  C onseq u en tly ,  u n le s s  th e  f i s h  sch o o l  i s  l o ­
c a te d  a t  a c o n s id e r a b le  ran g e  th e  v e s s e l  must u n d e r - s t e e r  to  b r in g  th e  
p a th  o f  th e  t r a w l  th ro u g h  th e  f i s h  s c h o o l .
The t r a w l  does n o t  move on a  c i r c u l a r  a rc  b u t  on a  cu rve  which 
ap p ro ach es  th e  new c o u rse  of t h e  t r a w l e r  much more g r a d u a l l y  a s  d e s ­
c r ib e d  by  Karapuzov ( 1966) .  The s i t u a t i o n  i s  most c l e a r l y  seen  i f  th e  
t r a w l e r  i s  assumed to  t a k e  a  s h o r t  r i g h t  an g led  t u r n  f som ething i t
cou ld  h a r d ly  do i n  p r a c t i c e .  T h is  i s  shown i n  P i g .  1 ,  t h e  warps le a v in g
th e  p a th  of th e  t r a w l  t a n g e n t i a l l y  and th e  t r a w l  a lw ays a t  th e  same 
d i s t a n c e  from th e  s h ip .  T h is  ig n o re s  any c u r v a tu r e  i n  th e  warp due to  
th e  d i f f e r e n t  p a th s  o f  n e t  and t r a w l e r .
The t h e o r e t i c a l  cu rv e s  fo l lo w e d  by th e  t r a w l  f o r  g iv e n  c o u rs e s  
t a k e n  by  th e  t r a w l e r  a r e  shown i n  P ig .  2 ,  b u t  t h i s  does n o t  d i r e c t l y  
g iv e  th e  c o u rse  on which th e  t r a w le r  shou ld  go to  t a k e  t h e  t r a w l  th ro u g h
a g iv e n  p o i n t .  By s e t t i n g  o f f  th e  ra n g e  r i n g s  on P i g .  2 th e  fo l lo w in g
t a b l e  can be  drawn up ;
Range Schoolb e a r in g
Ship
co u rse
School
b e a r in g
Ship
co u rse
School
b e a r in g
Ship
co u rse
School
b e a r in g
Ship
co u rse
100 m 26° 10° 59° 20° 30° 40°
200 170 11 35° 11 53-3 /4° It 7 4 J /2 0 If
300 1 3 .3 /4 ° n 20° M 4 2 . 1/ 20 It 5 7 .1 /2 ° IT
400 1 2 . 1/ 20 It { . 2 4 . 3/ 4° If 3 7 .3 /4 ° II 5 0 . 1/ 2° 1!
500 1 1 .1 /2 ° t! 23° II 35° M 470 II
600 11° 11 2 2 .1 /4 ° ÎÎ 3 3 .1 /2 ° II 4 4 .3 /4 ° II
700 1 0 .3 /4 ° It 2 1 .1 /2 ° 11 3 2 .1 /2 ° It 4 3 .1 /4 ° If
8OO I O .1/ 20 It 2 1 .1 /4 ° tl 32° II 4 2 . 1/ 2° 11
9OO 21° II 3 1 .1 /2 ° II 42° II
1000 2 0 .3 /4 ° tf 31° 11 4 1 .1 /2 ° tf
For a c c u ra cy  t h i s  t a b l e  was drawn up from a l a r g e r  s c a l e  drawing 
th a n  FIG. 2 and FIG. 3 can  be drawn up from i t .  S in ce  FIG. 2 w i l l  ho ld  
good w he ther th e  u n i t s  used  be m e tre s ,  fa thom s o r y a rd s  so long  a s  b o th  
warp l e n g th  and ra n g e  a r e  i n  t h e  same u n i t s ,  i t  i s  p o s s i b l e  to  make 
FIG. 3 n o n -d im e n s io n a l ,  t h a t  i s  i n s t e a d  o f h av ing  s e v e r a l  s h e e t s  of 
g ra p h s  f o r  d i f f e r e n t  warp l e n g th s ,  one s e t  o f  g ra p h s  e x p re ssed  i n  term s 
o f T a rg e t  Range/Warps Length  w i l l  s u f f i c e .
Moving s c h o o l .
I f  th e  f i s h  sch o o l i s  a l s o  moving, th e  s o l u t i o n  o f  th e  c o u rse  to  
s t e e r  becomes more c o m p l ic a te d .  There  a r e  f o u r  s t e p s  to  an approx im ate  
s o l u t i o n .
1 . Use so n a r  to  d e te rm in e  th e  v e l o c i t y  o f th e  f i s h  sch o o l  r e l a t i v e  
to  t h e  s h ip .
2 .  D eterm ine  th e  a c t u a l  speed and d i r e c t i o n  i n  w hich th e  f i s h  schoo l 
i s  moving.
3 .  D eterm ine  th e  p o in t  o f  i n t e r c e p t i o n  o f t r a w l  and f i s h  s c h o o l .
4 .  D eterm ine  s h ip  c o u rse  to  t a k e  th e  t r a w l  th ro u g h  t h i s  p o in t  of 
i n t e r c e p t i o n .
The f i r s t  s t e p  i s  d e te rm ined  a s  i n  FIG. 4 and th e  second s t e p  fo l lo w s  
a s  i n  FIG. 5> "the s h i p 1 s w a te r  v e l o c i t y  b e in g  known.
From th e  p o s i t i o n  o f  th e  f i s h  sch o o l  (Fo) a t  t im e  t  » o , a r c s  of 
c i r c l e s  can  be  s e t  o f f  p r e d i c t i n g  th e  s c h o o l ' s  p o s i t i o n  a t  say  one 
m inu te  t im e  i n t e r v a l s ,  t  = 1 , 2 ,  3 e t c .  a s  i n  FIG. 6 and th e  d i r e c t i o n  
o f  th e  sch o o l movement i s  lay ed  o f f  a c r o s s  t h i s  p o s i t i o n  ra n g e .  Simi­
l a r l y  from  th e  p o s i t i o n  of th e  t r a w l  (To) a t  t im e  t  = o , c i r c l e s  can be 
s e t  o f f  to  g iv e  th e  t r a w l ' s  p o s i t i o n  a t  one m inu te  t im e  i n t e r v a l s ,  t  = 1, 
2 ,  3 e t c .  The s o l u t i o n  a s  d e te rm ined  i n  t h i s  manner i s  app rox im ate  on ly  
s in c e  th e  t r a w l  moves from i t s  p o s i t i o n  a t  t  = o i n  a cu rv e  r a t h e r  th a n  
a  s t r a i g h t  l i n e  b u t  f o r  sm all  a n g le s  o f  t u r n  from th e  o r i g i n a l  co u rse  
th e  e r r o r  i s  s m a l l .  The p o in t s  a t  w hich t h e s e  s e t s  o f  c i r c l e s  i n t e r s e c t ,  
a t  t im e  t  = 1 , 2 ,  3 e t c . ,  can  be  marked o f f  and a cu rv e  (shown dashed) 
drawn th ro u g h  them. The p o s i t i o n  a t  which th e  swimming d i r e c t i o n  l i n e  
o f  th e  f i s h  sch o o l  c r o s s e s  t h i s  cu rve  a t  F ,  g iv e s  th e  p o in t  of i n t e r ­
c e p t io n  o f t r a w l  and f i s h  sch o o l  and th e  t im e  a t  w hich i t  shou ld  ta k e  
p la c e  ( i n  t h i s  c a se  a t  t im e  t  = 0 + 7*4 m in . ) .  I t  w i l l  be  seen  t h a t  
t h e r e  a r e  o th e r  p o in t s  o f  i n t e r s e c t i o n  o f  th e  two s e t s  o f  c i r c l e s ,  e .g .  
a t  3 ,  and 8 , b u t  somewhat dependant on th e  b e a r in g  and ra n g e  o f  th e  
t a r g e t  a t  t im e  t  = o , t h e  chances  of a p h y s i c a l  i n t e r c e p t i o n  should  
be  b e t t e r  i f  t h e  f i s h  a r e  moving i n  th e  same g e n e r a l  d i r e c t i o n  a s  th e  
s h ip  and a c r o s s  i t s  p a th ,  s in c e  a  s m a l le r  a n g le  of t u r n  i s  n eeded .
When th e  ra n g e  and h e a r in g  o f t h e  p o in t  of i n t e r c e p t i o n  have heen  
de te rm in ed  FIG. 3 can  he  used  to  d e te rm in e  th e  s h i p ’ s c o u r s e .
The s o l u t i o n s  o f f e r e d  h e re  a r e  g r a p h i c a l  th ro u g h o u t ,  which makes 
th e  u n d e rs ta n d in g  of t h e  problem s e a s i e r .  I t  can be a rgued  t h a t  t h e r e  
i s  i n s u f f i c i e n t  t im e  a t  sea  to  d e te rm in e  th e  c o u rse  to  s t e e r  i n  t h i s  
manner a l th o u g h  w i th  draw ing in s t r u m e n ts  re a d y  i t  i s  n o t  th e  work of 
v e ry  many m in u te s .  More th a n  one f i s h e r y  r e s e a r c h  v e s s e l  w i l l  soon be  
equipped w i th  a d i g i t a l  computer f o r  which i t  shou ld  be  p o s s i b l e  to  
w r i t e  a program t h a t  w i l l  g iv e  th e  c o u rse  to  s t e e r  v e ry  q u ic k ly .
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APPROXIMATE SOLUTION
FOR A MOVING TARGET
E x p e r i m e n t s  w i t h  a  w i r e l e s s  n e t  e c h o s o u n d e r  f o r  t h e
p e l a g i c  f i s h e r y .
b y
A .  VAN MIDDELEM.
I n t r o d u c t i o n .
T h e  r e p o r t  d e s c r i b e s  t h e  e x p e r i m e n t s ,  m e n t i o n s  t h e i r  
a i m ,  a n a l y s e s  t h e  o b s e r v a t i o n s  a n d  b r i n g s  f o r w a r d  s o m e  c o n c l u s i o n s
I n  a n n e x  a  t e c h n i c a l  d e s c r i p t i o n  o f  t h e  e c h o a p p a r a -  
t u s ,  t h e  i n s t a l l a t i o n  a n d  t h e  o p e r a t i o n  i s  a t t a c h e d .
§ 1» O b . j e c t  o f  t h e  e x p e r i m e n t s .
T h e  a i m  o f  t h e  e x p e r i m e n t s  w a s  t o  t e s t  f o r  t h e  f i r s t  
t i m e  a  w i r e l e s s  F u r u n o  n e t  e c h o s o u n d e r  o f  J a p a n e s e  c o n s t r u c t i o n  
( l ) ,  i n  o r d e r  t o  e x a m i n e  t h e  t e c h n i c a l  p o s s i b i l i t i e s  o f  t h i s  c a -  
b l e l e s s  n e t  e c h o s o u n d e r  i n  r e l a t i o n  t o  t h e  p l o t t i n g  q u a l i t i e s ,  t h e  
r e l i a b i l i t y  a n d  t h e  g e n e r a l  o p e r a t i o n .
T h e  u s e  o f  n e t  e c h o s o u n d e r s  f o r  f i s h e r y  p u r p o s e s  
s t a r t e d  a p p r o x i m a t e l y  d u r i n g  t h e  y e a r s  1 9 5 0 »  T h e s e  n e t  e c h o -  
s o u n d e r s  a l l o w e d  t h e  r e p r o d u c t i o n  o f  t h e  v e r t i c a l  o p e n i n g  o f  t h e  ne- 
t h e  d i s t a n c e  b e t w e e n  t h e  n e t  a n d  t h e  s e a  b o t t o m ,  t h e  e n t e r i n g  o f  
t h e  f i s h  a n d  o t h e r  e c h o  t r a c e s .  T h e  n e t  e c h o s o u n d e r s  w e r e  m o u n t e d  
o n  t h e  h e a d l i n e  o f  t h e  n e t  a n d  w e r e  b y  m e a n s  o f  a n  i s o l a t e d  e l e c ­
t r i c a l  c a b l e  a n d  a n  e l e c t r i c a l  w i n c h  c o n n e c t e d  t o  t h e  e l e c t r o n i ­
c a l  a p p a r a t u s  o n  t h e  s h i p .
O v e r  , t h e  y e a r s  d i f f e r e n t  c a b l e  t y p e s  w e r e  e x p e r i ­
m e n t e d  a n d  a s  e x p e r i e n c e  w a s  g a i n e d ,  t h e y  w e r e  c o n t i n u a l l y  a d a p ­
t e d  a n d  i m p r o v e d .  H o w e v e r ,  t h e r e  a l w a y s  r e m a i n e d  t h e  p r o b l e m s  
o f  c a b l e  i s o l a t i o n ,  l o s s  c a u s e d  b y  d a m a g e ,  t h e  c o s t  o f  t h e  e l e c ­
t r i c a l  w i n c h ,  t h e  o p e r a t i o n  o f  t h e  w i n c h ,  e t c .
I n  o r d e r  t o  e l i m i n a t e  t h e s e  d i f f i c u l t i e s  i t  w a s  
p r e s u m e d  t h a t  w i r e l e s s  e c h o s o u n d e r s  w o u l d  b r i n g  a  s o l u t i o n .
( l )  F u r u n o  P u b l i c a t i o n  n °  OM-1 0 5 5 a »  1 9 ^ 7
T h e  w i r e l e s s  n e t  e c h o s o u n d e r ,  f i t t e d  o n  t h e  h e a d ­
l i n e  o f  t h e  n e t ,  e m i t s ,  w i r e l e s s  a c o u s t i c  i m p u l s e s  t o  t h e  r e ­
c e i v e r ,  w h i c h  i s  t o w e d  u n d e r  w a t e r  a p p r o x i m a t e l y  3 0  m b e h i n d  
t h e  s t e r n  o f  t h e  v e s s e l  a n d  c o n n e c t e d  t o  t h e  e l e c t r o n i c  a p p a r a ­
t u s  a b o a r d  t h e  f i s h i n g  b o a t .  I n i t i a l l y  s u c h  n e t  e c h o s o u n d e r s 
p r e s e n t e d  l e s s  p o s s i b i l i t i e s  t h a n  t h e  c a b l e  n e t  e c h o s o u n d e r s , 
a s  t h e  n e t o p e n i n g  w a s  n o t  r e g i s t e r e d .  T e c h n i c a l  m o d i f i c a t i o n s  
h a v e  n o w  m a d e  i t  p o s s i b l e  t o  r e g i s t e r  t h e  s a m e  d a t a  a s  c a b l e  
n e t  e c h o s o u n d e r s , v i z .  n e t o p e n i n g ,  d i s t a n c e  b e t w e e n  n e t  a n d  s e a  
b o t t o m  a n d  t h e  e n t e r i n g  o f  t h e  f i s h .  T h e s e  n e w  p o s s i b i l i t i e s  
j u s t i f i e d  t h e  e x p e r i m e n t s .
§  2 .  C i r c u m s t a n c e s  o f  t h e  e x p e r i m e n t s .
1 .  V e s s e l .
T h e  e x p e r i m e n t s  w e r e  c a r r i e d  o u t  a b o a r d  a  v e s s e l  
w i t h  t h e  f o l l o w i n g  c h a r a c t e r i s t i c s  :
l e n g t h  
w i d t h  
G T 
p o w e r
3 5  m
7 , 2 0  m 
205
2 ^ 0  H . P .
2 .  F i s h i n g  g r o u n d .
T h e  e x p e r i m e n t s  t o o k  p l a c e  i n  t h e  S i l v e r  P i t .  T h e  
d e p t h  o f  t h e  f i s h i n g  g r o u n d  w a s  a b o u t  75 m» s o  t h a t  i t  v a s  p o s ­
s i b l e  t o  v a r y  t h e  d e p t h  o f  t h e  n e t .
T h e  s h a d e d  s u f f a c e  o f  f i g u r e  1 i n d i c a t e s  t h e  f i s h i n  
g r o u n d .  T h e  d i f f e r e n t  i i u u t s  a r e  g i v e n  i n  f i g u r e  2 ; t h e  n u m b e r s  
c o r r e s p o n d  w i t h  t h e  h a u l s  ( s e e  t a b l e  I I ) .
3* F i s h i n g _ g e a r .
( a )  N e t _ ( f i g u r e _ 2 ) .
T h e  t r a w l  w a s  a  p e l a g i c  n o t  c o m p o s e d  o f  tw o  
e q u a l  p a n e l s ,  w i t h  t h e  f o l l o w i n g  c h a r a c t e r i s t i c s  : ( s e e  t a b l e  i ) .
-  t h e  n e t  w a s  m a n u f a c t u r e d  o f  p o l y a m i d e  y a r n ,  
w i t h  a  R t e x  n u m b e r  v a r y i n g  b e t w e e n  6k0 a n d  1 Ó 0 0 ,
l e n g t h ,
-  t h e  h e a d l i n e  a n d  g r o u n d r o p e  h a d  t h e  s a m e
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2 6
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Table I - Characteristics of the pelagic trawl.
P a r t  o f  n e t A1 A2 B C D E F G
M a t e r i a l PA PA PA PA PA PA PA PA
C o l o u r w h i t e w h i t  e w h i t e w h i  t  e w h i t e w h i t e w h i t e w h i t  e
L e n g t h  o f  m e s h  i n  mm 16  0 1 6 0 1 6 0 1 2 0 80 4 o 4 0 4 0
B r e a k i n g  l o a d  i n  k g 6 0 6 0 6 0 5 0 5 0 35 35 80
R t e x  n u m b e r 1 1 5 0 1 1 5 0 1 1 5 0 9 5 0 9 5 0 6 4 0 6 4 0 I 6 OO
L e n g t h  o f  h e a d l i n e  i n  m 1 5 , 6 0
L e n g t h  o f  g r o u n d r o p e  i n  m 1 5 , 6 0 — — — — — —
N u m b e r  o f  m e s h e s  u p p e r  s i d e 25 4 2 1 4 4 1 5 2 1 5 0 2 0 0 1 0 0 2 0 0
N u m b e r  o f  m e s h e s  u n d e r s i d e 4 2 5 0 1 14 1 0 0 1 0 0 100 5 0 2 0 0
D e p t h  p e r  p a r t . 35 5 3 0 5 2 75 3 0 0 15 0 4 0 0
C u t t i n g  r a t e
o u t s i d e
i n s i d e
1 / 2
l / l
1 / 2
2 / 1
1 / 2 1 / 2 1 / 3 1 / 6 1 / 6 0 / 1
T a p e r  r a t i o
o u t  s i d e  
i n s i d e
1N2B 
IN  I T
1N2B
1T2B
1N23 1N2B IN  IB 5N2B 5N2B N
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Pelagic trawl ( 2 equal panels)
X
V
25 134 25
40 160 1/2 1150
30 160 1/2 1150
52 120 1/2 950
75 8 0 1/3 950
300 40 1/6 6 4 0
150 40 1/6 6 4 0
4 0 0 40 0/1 1600
3 5 / 1 6 0 /  Vi
5 / 1 6 0 / 2/l
F i g u r e  3
— t h e  l e n g t h  o f  m e s h  a m o u n t e d  t o  l 6 0  mm f o r  t h e  
w i n g s  a n d  t o  4o mm f o r  t h e  c o d e n d ,
-  t h e  w i n g s  o f  t h e  b e l l y  w e r e  t a p e r e d  o u t s i d e  a c ­
c o r d i n g  t o  t h e  c u t t i n g  r a t e  1N2B o v e r  a  d e p t h  o f  4o m e s h e s  a n d  
i n s i d e  a c c o r d i n g  t o  c u t t i n g  r a t e s  1T1N a n d  1 T 2 3 ,  r e s p e c t i v e l y  
o v e r  a  d e p t h  o f  3 5  a n d  5 m e s h e s ,
— t h e  b e l l y  a n d  t h e  b a i t i n g s  o f  t h e  t r a w l  w e r e  sy m ­
m e t r i c a l  ,
-  t h e  n e t  h a d  s i x  c u t t i n g  r a t e s  : 1N2B,  1N 1B,  5N2B,  
I N I T , 1T2B a n d  N,
— t h e  p a r t  F o f  t h e  n e t  b e f o r e  t h e  c o d e n d  h a d  a  
d e p t h  o f  1 5 0  m e s h e s ,
-  t h e  c o d e n d  h a d  a  l e n g t h  o f  m e s h  o f  4 0  run o v e r  
a  d e p t h  o f  4 0 0  m e s h e s ,
(b ) Boards_{figure_42.
T h e  b o a r d s  u s e d  w e r e  S ü b e r k r ü b  b o a r d s  w i t h  a  s u r ­
f a c e  o f  +_ 1 m 2 .  T h e s e  b o a r d s  w e r e  e n t i r e l y  o f  i r o n  c o n s t r u c t i o n .  
T h e  c o n v e x  s i d e  o f  t h e  b o a r d s  w a s  p r o v i d e d  w i t h  t h r e e  w e l d e d  
s h e e t s  o n  w h i c h  t h e  l e g s  w o r e  a t t a c h e d .  T h e  w a r p  c o u l d  b e  a t ­
t a c h e d  o n  o n e  o f  t h e  t h r e e  o p e n i n g s  o f  t h e  m i d d l e  s e g m e n t s  o f  t h e  
c o n c a v e  s i d e .  T h e  a n g l e  o f  a t t a c k  o f  t h e  S ü b e r k r ü b  b o a r d s  a m o u n t s  
t o  _+ 2 0 ° ,  a n d  t o  _+ 3 7 ° f o r  t h e  o t t e r  b o a r d s .
F i g u r e  5 g i v e s  a  g e n e r a l  v i e w  o f  t h e  v e s s e l  w i t h
i t s  e q u i p m e n t .
4 .  W e a t h e r  c o n d i t i o n s .
T h e  t r i a l s  w e r e  c a r r i e d  o u t  u n d e r  f a v o u r a b l e  w e a t h e r  
c o n d i t i o n s .  D u r i n g  t h e  t r i p  t o  t h e  f i s h i n g  g r o u n d  t h e  w i n d  f o r c e  
w a s  7 B e a u f o r t  a n d  d u r i n g  t h e  e x p e r i m e n t s  a n d  o n  t h e  r e t u r n  j o u r ­
n e y  b e t w e e n  2 t o  4 B e a u f o r t . .  T h e  w i n d  d i r e c t i o n  c h a n g e d  f r o m  W 
t o  S-SV  ( s e e  t a b l e  l í ) .
T a b l e  X I  s h o w s  t h a t  t h e  t o w i n g  t i m e  a n d  t h e  l e n g t h
o f  t h e  w a r p s  v a r i e d  r e s p e c t i v e l y  b e t w e e n  15  m i n  t o  3 «30  h  a n d
l 4 0  t o  3 6 5  m e t r e s .
T h e  n e t o p e n i n g  a m o u n t e d  t o  _+ 5 »50 m a n d  t h e  t o w i n g  
s p e e d  v a r i e d  b e t w e e n  2 , 7 5  a n d  3 > 5  k n o t s .
SÜBERKRÜB BOARDS
Figure 4
FISHING V E S S E L  WITH EQUI PMENT
r e c e i v e r
s h i p  e c h o s o u n d e r
n e t  e c h o s o u n d e r  
or t r a n s m i t t e r
S ü b e r k r ü b  b o a r ds
b a l l a s t l eg
 ^ i m p u l s e s  of  
 ^ 180 kcjs
Table II - Circumstance of trials.
H a u l 1 2 3 4 5 6 7 8 9 10
, —------
i l
P o s i t i o n
b e g i n n i n g
h a u l
L e t t e r  o f  z o n e A A A A A A A A A A A
K G Q
N u m b e r  o f  l a n e 3 . 4 0 3 3 . 8 0 6 9 . 8 5 4 . 7 0 8 . 5 0 4 . 2 0 4 . 4 5 4 . 4 5 6 . 5 5
P u r p l e
L e t t e r  o f  z o n e D D D D D D D D D D D
N u m b e r  o f  l a n e 5 8 5 9 5 8 . 8 0 56 5 2 . 2 0 5 8 5 3 . 2 0 5 9 . 2 5 5 9 5 8 . 1 5 5 6 . 7 0
P o s i t i o n
e n d
h a u l
R e d
L e t t e r  o f  z o n e A A A A A A A A A A A
N u m b e r  o f  l a n e 4 4 . 2 5 6 8 . 5 0 1 0 . 1 5 7 . 8 0 7 . 1 0 4 . 3 5 4 . 6 0 6 8 . 1 0
P u r p l e
L e t t e r  o f  z o n e D D D D D D D D D D D
N u m b e r  o f  l a n e 5 9 5 7 . 2 0 5 5 . 8 0 5 2 . 7 0 5 0 . 4 1 5 3 . 8 0 5 5 5 9 . 4 0 5 9 5 7 5 2 . 2 5
D u r a t i o n  o f  h a u l  i n  h 3 l 2 2 i 2 2 l / J ? 1 / 4 1 1 / 2 3 1 / 2
H i n d  f o r c e  i n  B e a u f o r t 4 3 3 2 2 2 t o 3 3 3 3 3 3
H i n d  d i r e c t i o n w V WSW WSW WSW SSW SSW SSW SSW SSW SSW
C o u r s e NEbN SE EbS E SSW E b S E NEbN NE ENE S
D e p t h  i n  m e t e r 80 75 75 80 75 75 75 6 0 5 0 73 75
L e n g t h  o f  w a r p  i n  m 1 8 0 3 6 5 2 75 1 8 0 2 3 0 1 8 0 1 8 0 11 8 0 1 8 0 i4 o i4 o
R o t a t i o n  p e r  m i n ,  o f  m o t o r 2 0 0 2 1 0 2 0 0 2 1 0 2 2 0 2 1 0 2 2 0 ' 2 1 0
----
2 1 0 2 1 0 2 0 5
O p e n i n g  o f  n e t  i n  m 6 — - - 5 5 , 5 5 , 5 5 , 5 ¡ 5 , 5'
5 , 5 5 , 5 5 , 5
S p e e d  i n  k n o t s 2 , 7 5  1 3 , 2 0 3 3 , 3
.
3 , 5  ¡ 3 3 i 3 3 3 3
VJI
D u r i n g  t h e  t r i a l s  d i f f e r e n t  t e c h n i c a l  a s p e c t s  h a v e  
b e e n  s t u d i e d ,  n a m e l y  t h e  r e c o r d i n g  o r  p l o t t i n g  o f  t h e  i n d i c a ­
t i o n s ,  t h e  r e l i a b i l i t y  a n d  t h e  g e n e r a l  o p e r a t i o n  p r o c e d u r e *
1 ,  R e c o r d i n g  o r  p l o t t i n g  o f  i n d i c a t i o n s .
F i g u r e  6 g i v e s  a  n e t  e c h o g r a m  o f  t h e  w i r e l e s s
F u r u n o  n e t  e c h o s o u n d e r  r e c o r d e d  d u r i n g  t h e  t r i a l s .
T h e  t r a n s m i s s i o n  l i n e  c o r r e s p o n d s  t o  t h e  h e a d l i n e  
o f  t h e  n e t .  T h e  n e t o p e n i n g  ( d i s t a n c e  b e t w e e n  h e a d l i n e  -  g r o u n d -  
r o p e )  i s  5 * 5  m. I n d i c a t i o n s  o f  f i s h  a r e  c l e a r l y  p l o t t e d  o n  t h e  
r e c o r d i n g  p a p e r  e v e n  t h e  t r a c e s  j u s t  a b o v e  t h e  s e a - b o t t o m .  T h e  
d i s t a n c e  f r o m  t h e  h e a d l i n e  t o  t h e  s e a - b e d  v a r i e s  b e t w e e n  6 0  a n d  
2 0  m e t r e s .
2 .  T h e  r e l i a b i l i t y .
U n d e r  t h e  r e l i a b i l i t y  o f  t h e  w i r e l e s s  e c h o s o u n d e r  
c a n  b e  c i t e d  ( a )  t h e  s y n c h r o n i s a t i o n ,  ( b )  t h e  p h e n o m e n o n  o f  i n ­
t e r f e r e n c e ,  ( c )  t h e  s t r o n g l y  r e f l e c t e d  e c h o e s  a n d  ( d )  t h e  w o r k i n g  
l i f e  o f  t h e  d r y  c e l l s .
( a )  S y n c h r o n i s a t i o n .
S y n c h r o n i s a t i o n  h a s  t o  b e  o b t a i n e d  b e t w e e n  t h e  
r . p . m .  o f  t h e  m o t o r  ( r e c o r d e r )  a n d  t h e  i m p u l s e  r a t e  o f  t h e  n e t  
e c h o s o u n d e r .  T h e  s y c h r o n i s a t i o n  f o r m s  a n  i m p o r t a n t  p a r t  o f  t h e  
c o n s t r u c t i o n .
T h e  s y c h r o n i s a t i o n  c a n  b e  d i s t u r b e d  b y  n o i s e .  
N o i s e  c a u s e d  b y  t h e  p r o p e l l e r  o r  v i b r a t i o n s  m ay  p r e v e n t  t h e  s y n ­
c h r o n i s a t i o n  b e t w e e n  t h e  s y n c h r o n i s a t i o n  i m p u l s e  a n d  t h e  r e f e r e n ­
c e  i m p u l s e  o f  t h e  m o t o r .  A f a l l e n  o u t  s y n c h r o n i s a t i o n  r e s u l t s
i n  u n s t a b l e  i n d i c a t i o n s  a n d  c a u s e s  f l u c t u a t i o n s  o f  t h e  e c h o -
t r a c e s  ( s e e  f i g u r e  7 )»
( b )  I n t e r f e r e n c e .
T h e  p h e n o m e n o n  o f  i n t e r f e r e n c e  o c c u r s  o n l y  w h e n
o t h e r  v e s s e l s  e q u i p p e d  w i t h  t h e  s a m e  a p p a r a t u s  o p e r a t e  a t  t h e
s a m e  t i m e  o n  t h e  s a m e  f i s h i n g  g r o u n d .  F i g u r e  8 g i v e s  a n  e c h o ­
g r a m  d i s t u r b e d  b y  i n t e r f e r e n c e  f r o m  a n o t h e r  n e t  r e c o r d e r .  T h e  
i n t e r f e r e n c e  i s  t h e  s t r o n g e r  a s  t h e  o t h e r  s h i p  i s  n e a r e r .
( c )  R e f l g £ Î e d _ f a l s e _ e c h o e s .
T h e  e c h o e s  e m i t t e d  f r o m  t h e  t r a n s m i t t e r  a r e  
r e f l e c t e d  a f t e r  t o u c h i n g  a n  o b j e c t  a n d  r e t u r n  a s  t a r g e t  e c h o e s
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7t o  t h e  s a m e  t r a n s m i t t e r .  H o w e v e r  t h e  p o s s i b i l i t y  e x i s t s  t h a t  
e c h o e s  a r e  s t r o n g l y  r e f l e c t e d .  T h e s e  e c h o e s  a p p e a r s  o n  t h e  
e c h o g r a m  a s  s t r o n g  o r  f a l s e  e c h o e s .  W h e r e a s  t h e  d i s t a n c e  BC 
i s  s h o r t e r  t h a n  CAB, t h e s e  f a l s e  e c h o e s  w i l l  b e  p l o t t e d  a t  a  
h i g h e r  l e v e l  o n  t h e  e c h o g r a m  t h a n  t h e  d i r e c t  e c h o e s  ( f i g u r e  9 ) »
( d )  D r y _ c o l l s _ o r _ b a t t e r i e s .
T h e  t r a n s m i t t e r  f i t t e d  o n  t h e  h e a d l i n e  o f  t h e  n e t  
i s  f e d  b y  m e a n s  o f  d r y  c e l l s .  T h e  l i f e  o f  t h e  d r y  c e l l s  l a s t s  
a p p r o x i m a t e l y  25 h o u r s .  D u r i n g  t h e  e x p e r i m e n t s ,  t h e  c e l l s  w e r e  
c h a n g e d  a f t e r  e v e r y  t h r e e  h a u l s ,  a l t h o u g h ,  t h e  e c h o g r a m s  w e r e  
s t i l l  v e r y  c l e a r l y  r e p r o d u c e d .  T h e  r e p l a c e m e n t  o f  c e l l s  i s  d o n e  
b y  d i s m a n t l i n g  t h e  w a t e r t i g h t  c o v e r  o f  t h e  t r a n s m i t t e r .
3 .  O p e r a t i o n s .
T h e  o p e r a t i o n  o f  t h e  e c h o  i n s t a l l a t i o n  i s  c a r r i e d  o u t  
b y  m e a n s  o f  s w i t c h e s  a n d  p o t e n t i o m e t e r s  m o u n t e d  o n  t h e  f r o n t  
p a n e l  o f  t h e  r e c o r d e r .  T h e  r e c o r d e r  h a s  o n l y  o n e  d e p t h  s c a l e ,  
m e a n i n g  t h a t  i t  i s  n o t  p o s s i b l e  t o  c h e c k  o n  t o  a n o t h e r  s c a l e .
§ U.  C o n c l u s i o n .
T h e  t r i a l s  a i m e d  t o  t e s t  t e c h n i c a l l y  t h e  p o s i b i l i t i e s  of 
a  w i r e l e s s  n e t  e c h o s o u n d e r  ; t h e  a s p e c t  " c a t c h "  w a s  n o t  t a k e n  
i n t o  c o n s i d e r a t i o n .
T h e  t r i a l s  h a v e  s h o w n  t h a t  ;
-  t h e  n e t  e c h o s o u n d e r  ( t r a n s m i t t e r ) ,  t h e  t o w e d  r e ­
c e i v e r  a n d  t h e  r e c o r d e r  a r e  e a s y  t o  m o u n t ,
-  t h e  e n t e r i n g  of  t h e  i ftish, t h e  s e a  b o t t o m  a n d  t h e  n e t -  
o p e n i n g  a r e  c l e a r l y  p l o t t e d ,
-  t h e  f i s h  s w i m m i n g  j u s t  a b o v e  t h e  b o t t o m  i s  w e l l  
r e g i s t r e r e d ,
-  p r a c t i c a l l y  n o  d i s t u r b a n c e  i s  c a u s e d  b y  t h e  p r o ­
p e l l e r  o r  b y  v i b r a t i o n s , ,
-  c h a n g e s  i n  d e p t h  o f  t h e  n e t  a r e  v e r y  w e l l  i n d i c a t e d  
o n  t h e  r e c o r d i n g  p a p e r ,
-  a n y  s y n c h r o n i s a t i o n  d i s t u r b a n c e  c o u l d  e a s i l y  b e
a d j u s t e d ,
-  t h e  o p e r a t i o n  o f  t h e  a p p a r a t u s  i s  v e r y  s i m p l e .
ABNORMAL RECORDINGS
Receiver
Net  e c h o g r a m
h e a d l i n e  or z e r o  line
g r o u n d r o p e
s t r o n g  
r e f  l e c t e d
e c h o e s
s e a  b o t t o m
d i r e c t  e c h o e s
STRONG R E F L E C T E D  ECHOES
Tr a n s mi t  t e r
T h e  o p e r a t i o n  o f  t h e  n e t  e c h o s o u n d e r  a n d  t h e  
s t a b i l i t y  o f  t h e  s y n c h r o n i s a t i o n  i n  d e e p e r  w a t e r s  f o r m  a  f u r t h e r  
p o i n t  o f  r e s e a r c h .  T h e  s a m e  a p p l i e s  t o  t h e  e c h o  r e p r o d u c t i o n  
o f  f i s h  s c h o o l s  i n  d e e p e r  w a t e r .
T h e  u n i t  p r e s e n t s  p r o m i s i n g  p r o s p e c t s  f o r  t h e  
p e l a g i c  f i s h e r y .  T h e  b e h a v i o u r  o f  e c h o  i m p u l s e s  o v e r  s h o r t  
d i s t a n c e s  s h o u l d  a l s o  b e  i n v e s t i g a t e d .
9ANNEX.
X .  D e s c r i p t i o n  o f  t h e  w i r e l e s s  n e t  e c h o s o u n d e r .
1 .  G e n e r a l i t i e s  ( f i g u r e  1 0 ) .
T h e  F u r u n o  c a b l e l e s s  n e t  e c h o s o u n d e r  r e q u i r e s  
n e i t h e r  a n  e l e c t r i c a l  w i n c h  n o r  a  c a b l e  c o n n e c t i o n  b e t w e e n  s h i p  
a n d  n e t .
T h e  t r a n s m i t t e r ,  f i t t e d  o n  t h e  h e a d l i n e  o f  t h e  n e t  
i s  c o m p o s e d  o f  a n  e m i t t e r  a n d  a  r e c e i v e r «  T h i s  u n i t  i s  f e d  b y  
m e a n s  o f  d r y  b a t t e r i e s .  I t  e m i t s  a c o u s t i c  i m p u l s e s  o f  1 8 0  k c / s  
i i n d e r  a  b e a m  a n g l e  o f  1 2 °  t o w a r d s  t h e  s e a  b o t t o m .  T h e s e  i m p u l s e s  
a r e  r e f l e c t e d  w h e n  t o u c h i n g  a n  o b j e c t  ( f i s h ,  w r e c l s ,  s e a  b o t t o m  
e t c . )  a n d  p i c k e d  u p  b y  t h e  s a m e  t r a n s m i t t e r ,  w h i c h  d e t e c t s  t h e  
i m p u l s e s  a n d  s e n d s  t h e m  a s  a c o u s t i c  t r a n s f e r  i m p u l s e s  o f  5 0  k c / s  
u n d e r  a  b e a m  a n g l e  o f  k2°  t o  t h e  t o w e d  r e c e i v e r .  T h e  p i c k e d  u p  
a c o u s t i c  e c h o e s  a r e  c o n v e r t e d  i n  e l e c t r i c a l  e n e r g y  a n d  a f t e r  
b e i n g  c o u p l e d  t o  s e v e r a l  a m p l i f y i n g  s t a g e s  p l o t t e d  o n  t h e  r e ­
c o r d i n g  p a p e r .
T h e  n e t  r e c o r d e r  e c h o g r a m  p e r m i t s  t h e  o b s e r v a t i o n  
o f  t h e  o p e n i n g  o f  t h e  n e t ,  t h e  f i s h  t r a c e s  b e t w e e n  n e t  a n d  s e a  
b o t t o m  a n d  t h e  d e p t h  o f  t h e  n e t .
T h e  t r a n s m i s s i o n  r a n g e  b e t w e e n  t r a n s m i t t e r  a n d  
r e c e i v e r  a m o u n t s  t o  a p p r o x i m a t e l y  2 . 0 0 0  m a n d  t h e  r a n g e  b e t w e e n  
t r a n s m i t t e r  a n d  s e a  b o t t o m  2 0 0  m.  T h e  t r a n s m i t t e r  i s  c o n s t r u c t e d  
f o r  a  d e p t h  o f  max im um  L . 2 0 0  m e t r e s .
E c h o  r e p r o d u c t i o n  i s  e n s u r e d  u p  t o  a  s p e e d  o f
8 k n o t s .
T h e  m o s t  i m p o r t a n t  c h a r a c t e r i s t i c s  o f  t h e  c a b l e l e s s  
n e t  e c h o s o u n d e r  a r e  g i v e n  i n  t a b l e  I I I .
2 .  N e t  e c h o s o u n d e r  ( t r a n s m i t t e r ) .
When t h e  n e t  e c h o s o u n d e r  ( f i g u r e  1 1 )  i s  i m m e r s e d  i n  
a  d e p t h  o f  10  m e t e r s ,  a  b u i l t  i n  d e p t h  s w i t c h  i s  a u t o m a t i c a l l y  
c l o s e d .  T h i s  e x c i t e s  a  q u a r t z  -  a n d  f r e q u e n c y  s t a b i l i s e d  o s ­
c i l l a t o r  ( f i g u r e  1 2 ) .  T h e  o s c i l l a t i o n  f r e q u e n c y  o f  3 8 2 , 5  ° / s  
i s  c o n s e c u t i v e l y  d i v i d e d  i n t o  3 c / s  b y  m e a n s  o f  a  s e v e n  s t a g e  
f r e q u e n c y  d i v i d e r .  T h e  d i v i d e d  w a v e  o f  3 c / s  i s  a p p l i e d  t o  t h e  
d e l a y  c i r c u i t  c o m p o s e d  o f  a  m u l t i v i b r a t o r  i n  o r d e r  t o  r e f o r m  t h e  
i m p u l s e  a n d  t o  p r o d u c e  a n  i m p u l s e  o f  1 . 8  m s e c .  T h i s  i m p u l s e  o f  
1 . 8  m s e c  i s  f e d  t o  t h e  1 8 0  k c / s  i m p u l s e  g e n e r a t o r .  V i a  t h e
R E C E I V E R  A N D  T R A N S M I T T E R
a r m o u r e d  
c o n n e c t e d
c a b l e
to  ne t  re cor de r
P a r a v a n e  r e c e i v e r
n e t  e c h o s o u n d e r50 kc/s f r e q u e n c y  m o d u l a t e d
t r a n s m i t  t er
w i r e l e s s
t o w e d  by ship
a c o u s t i c
t o w a r d s  s e a  b o t t o m
dr y  b a t t e r i e s  
12V =
 i m p u l s e s
t o w a r d s  t r a n s m i t t e r
á I i \ \
1 ! i \ \  r e f l e c t e d  i m p u l s e s
I i \ \  ( e c h o e s )1 \ \
<vvvvfxvxT{vvYVxTbrYtvTrr
F i g u r e  10 s e a  b o t t o m
Table III — Characteristics of the wireless net echosounder.
1 .  N e t  e c h o s o u n d e r
2 .  R e c e i v e r  ( s h i p  n e t  e c h o s o u n d e r  
r e c e i v e r  ) 3 .  N e t  r e c o r d e r
-  P o w e r  s o u r c e  : 12  V d r y  b a t t e r i e s
-  S o u n d i n g  f r e q u e n c y  : 180  k c / s  
u n d e r  a  b e am  o f  1 2°
-  T r a n s f e r  f r e q u e n c y  : 50  k c / s  
u n d e r  a  b e am  o f  4-2° a n d  f r e q u e n ­
c y  m o d u l a t e d
-  E m i t t i n g  r a n g e
a )  20 0  m o n  180  k c / s
b )  2 . 0 0 0  m on  50  k c / s
-  Maxiumum d e p t h  o f  t r a n s m i t t e r  
1 . 200  m
-  Minimum s o u n d i n g  d e p t h  : 2 m
-  F r e q u e n c y  : 5 0  k c / s  u n d e r  a  
b e a m  o f  4 2 °
-  R e c e i v i n g  d i s t a n c e  : 2 . 0 0 0  m
-  T y p e  o f  r e c e i v e r  : a )  p a r a v a n e
b ) w a r p
-  P o w e r  s o u r c e  : 2k V =
-  T y p e  o f  p a p e r  : d r y
-  S p e e d  o f  p a p e r  : 1 , 9  mm/min
3 , 7 mm/rain
-  R e c o r d i n g  p a p e r  : 
w i d t h  : c a  200  mm 
e f f e c t i v e  w i d t h  : I 70  mm 
l e n g t h  : 21  m
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Figure 11
BLOCK SCHEMA OF THE NET ECHOSOUNDER
a c o u s t i c  i m p u l s e s  
■----------------------------------------------------------------------------------------------
t o w a r d s  r e c e i v e r
a c o u s t i c  impulses  
t o w a r d s  t he  s ea
. « i b o t t o m  e c h o  t o w a  rds '
F i gur e  12
/  / / ,  sea  bo t t om
Carr i er  
o s c i l l a t o r  49.5 kc/s
Se v e n  s t a g e  
f r e q u e n c y  divider 
3 c/s
Q u a r t z
o s c i l l a t o r  382.5 c/s
P o w e r  a m p l i f i e r
R.F a m p l i f i e r  
180 kc/s
P o w e r  a m p l i f i e rD e t e c t o r
net  - e c h o s o u n d e r
Transmit ter  or
I m p u l s g e n e r a t o r  
180 k c / sm u l t i v i b r a t o r  1.8msec
f i n a l  p o w e r  a m p l i f i e r ,  t h e  i m p u l s e  i s  t r a n s m i t t e d  b y  t h e  s o u n ­
d i n g  t r a n s d u c e r  o f  t h e  t r a n s m i t t e r  so  t h a t  a n  a c o u s t i c  i m p u l s e  
o f  1 80  k c / s  i s  e m i t t e d  t o w a r d s  t h e  s e a  b o t t o m .
T h e  i m p u l s e  i s  r e f l e c t e d  a f t e r  t o u c h i n g  a n  a b j e c t  
a n d  r e t u r n s  a s  a  t a r g e t  e c h o  t o  t h e  sam e  t r a n s d u c e r .  T h e  r e ­
t u r n i n g  t a r g e t  e c h o  ( u s u a l l y  v e r y  f e e b l e )  i s  s u c c e s s i v e l y  l e d  
t o  t h e  R . F .  a m p l i f i e r  a n d  t h e  d e t e c t o r  c i r c u i t .  T h e  d e t e c t e d  
t a r g e t  s i g n a l  i s  f e d  t o  t h e  49» 5 k c / s  c a r r i e r  o s c i l l a t o r  w h i c h  
m o d u l a t e s  t h e  c a r r i e r  f r e q u e n c y .  T h i s  f r e q u e n c y  m o d u l a t e d  s i g ­
n a l  i s  a p p l i e d  t o  t h e  t r a n s m i t t i n g  t r a n s d u c e r  w h i c h  c o n v e r t s  
t h i s  s i g n a l  i n t o  a n  a c o u s t i c  i m p u l s e  w h i c h  i s  i n  t u r n  e m i t t e d  
t o w a r d s  t h e  r e c e i v e r  u n i t .
3 .  R e c e i v e r  u n i t  o f  s h i p  n e t  e c h o s o u n d e r  r e c e i v e r .
The receiver tuned on 4-9 »5 kc/s picks up the tar­
get signal delivered from the transmitter. The receiver con­
verts the acoustic signal into electtical energy.
T h e  r e c e i v e r  i s  t o w e d  a t  a  d i s t a n c e  o f  a p p r o x i ­
m a t e l y  3 0  m b e h i n d  t h e  s t e r n  i n  o r d e r  n o t  t o  b e  i n f l u e n c e d  b y
t h e  n o i s e  o f  w a v e s  c a u s e d  b y  t h e  p r o p e l l e r .
T h e r e  a r e  two k i n d s  o f  t y p e s  o f  r e c e i v e r s ,
a ) P a r avane_type_receivor (figure 13)»
T h e  p a r a v a n e  t y p e  r e c e i v e r  i s  p u t  i n t o  t h e  
w a t e r  b y  m e an s  o f  a  bo o m .  T h e  r e c e i v e r  s h o u l d  b e  t o w e d  o u t s i d e  
t h e  t u r b u l e n c e  a n d  n o i s e  c a u s e d  b y  t h e  p r o p e l l e r .
b )  ( f i g u r e  14 ) .
T h e  w a r p  t y p e  r e c e i v e r  i s  m o r e  c o n v e n i e n t  f o r  
t w o - b o a t  t r a w l i n g .  T h e  r e c e i v e r  i s  m o u n t e d  o n  a  b o a r d  w i t h  
e y e - b o l t s .  T h e  r e c e i v e r  s l i d e s  a l o n g  t h e  w a r p  i n t o  t h e  w a t e r .  
T u r b u l e n c e  a n d  n o i s e  f r o m  t h e  p r o p o l l e r  h a v e  t o  b e  a v o i d e d ,
4 .  R e c o r d e r .
T h e  t a r g e t  s i g n a l  f r o m  t h e  n e t  e c h o s o u n d e r  i s  
c o u p l e d  t o  t h e  r e c o r d e r  v i a  t h e  r e c e i v e r  ( f i g u u r  1 5 ) »  T h e  
f e e b l e -  a n d  i n  f r e q u e n c y  r a o d u l t a t e d  s i g n a l  i s  a m p l i f i e d  i n  t h e  
w i d e  b a n d  a m p l i f i e r .  T h e  s i g n a l  i s  s u c c e s s i v e l y  f e d  t o  t h e  
l i m i t e r  a n d  t h e  F .M .  d e m o d u l a t o r  f o r  d e t e c t i o n .
T h e  s y c h r o n i s a t i o n  i m p u l s e  f r o m  t h e  F . M .  demo­
d u l a t o r  i s  u s e d  a s  a  c o m p a r i s o n  i m p u l s e  a n d  t h e  t a r g e t  s i g n a l  
i s  a m p l i f i e d  i n  t h e  p o w e r  a m p l i f i e r  a n d  p l o t t e d  o n  t h e  r e c o r d i n g  
p a p e r .
PARAVANE
Figure 13
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T h e  c o m p a r i s o n  i m p u l s e  p a s s e s  t o  t h e  s i g n a l / n o i s e ,  
d e t e c t o r  f o r  r e j e c t i o n  o f  n o i s e  c o m p o n e n t s .  T h e  c o m p a r i s o n  
i m p u l s e  s e l e c t o r  a n d  t h e  r e f e r e n c e  i m p u l s e  g e n e r a t o r  a p p l y  
s i m u l t a n e o u s l y  a n  i m p u l s e  t o  t h e  p h a s e  c o m p a r a t o r .  T h e  r e f e ­
r e n c e  i m p u l s e  i s  g e n e r a t e d  i n  t h e  r e f e r e n c e  i m p u l s e  g e n e r a t o r  
i n  o r d e r  t o  e n s u r e  t h e  s y c h r o n i s a t i o n  b e t w e e n  t h e  r o t a t i o n  o f  
s y n c h r o n o u s  m o t o r  a n d  t h e  i m p u l s e  r e p e t i t i o n  r a t e  o f  t h e  s o u n ­
d i n g  i m p u l s e  o f  18 0  k c / s .
T h e  c o n t r o l  o s c i l l a t o r  g e n e r a t e s  a n  o s c i l l a t i o n  
w a v e ,  i t s  f r e q u e n c y  i s  d i v i d e d  t h r o u g h  t h e  s e v e n  s t a g e  f r e q u e n ­
c y  d i v i d e r  a n d  f e d  t o  t h e  s y n c h r o n o u s  m o t o r  v i a  t h e  a m p l i f i e r .
T h e  o s c i l l a t o r  f r e q u e n c y  i s  c o n t r o l l e d  b y  a n  A . F . C .  v o l t a g e .
T h e  c o m p a r i s o n  i m p u l s e  a n d  t h e  r e f e r e n c e  i m p u l s e  
a r e  c o m p a r e d  b y  t h e  p h a s e  c o m p a r a t o r .  I n  u n s y c h r o n i s e d  s t a t e  
a  p o s i t i v e  o r  n e g a t i v e  v o l t a g e  w i l l  b e  p r o d u c e d  ( a . F . C .  v o l t a g e ) ,
I I ,  I n s t a l l a t i o n  a n d  o p e r a t i o n  o f  t h e  a p p a r a t u s ,
1 .  R e c o r d e r ,
T h e  r e c o r d e r  i s  f e d  b y  a  d i r e c t  v o l t a g e  o f  24 V.
T h e  r e c o r d e r  h a s  t o  b e  m o u n t e d  i n  a  d r y ,  g o o d  v e n ­
t i l a t e d  a n d  w a t e r p r o o f  p l a c e .  I t  may n o t  b o  d i r e c t l y  e x p o s e d
t o  s e a  a i r ,  h i g h  t e m p e r a t u r e s  a n d  v i b r a t i o n s .
c h e s
T h e  r e c o r d e r  i s  p r o v i d e d  w i t h  t h e  f o l l o w i n g  ® w i t —
-  P o w e r  s o u r c e  s w i t c h ,
-  A m p l i f i e r  g a i n  c o n t r o l ,
-  D e t e c t o r  g a i n  c o n t r o l ,
-  S y n c h r o n i s a t i o n  a d j u s t e r ,
-  A u t o m a t i c  s y n c h r o n i s e r ,
-  T r a n s i t i o n  s w i t c h ,
-  Z e r o  l i n e  a d j u s t e r ,
-  Z e r o  p o i n t  a d j u s t e r ,
-  P a p e r  s p e e d  c h a n g e r .
2 ,  R e c e i v e r ,
T h e  p a r a v a n e  t y p e  r e c e i v e r  i s  p r o v i d e d  w i t h  _+ 40  m 
a r m o u r e d  c a b l e  a n d  t o w e d  b e h i n d  t h e  s t e r n  o f  t h e  s h i p ,  A boom
i s  r e q u i r e d  t o  p u t  t h e  r e c e i v e r  o v e r b o a r d .  A s n a i l  h a n d  w i n c h  
f a c i l i t a t e s  t h e  s h o o t i n g .
T h e  w a r p  t y p e  r e c e i v e r  i s  a l w a y s  p r o v i d e d  w i t h  
a r m o u r e d  c a b l e .  T h i s  t y p e  d o e s  n o t  n e e d  a  b o o n  o r  d e r r i c k : .
A w i n c h  e v e n t u a l l y  f a c i l i t a t e s  t h e  s h o o t i n g  m a n o e u v r e s .
I n  b o t h  c a s e s  c a r e  h a s  t o  b e  t a k e n  t o  a v o i d  t h e  
t u r b u l e n c e  c a u s e d  b y  t h e  p r o p e l l e r .
3 .  N e t  e c h o s o u n d e r .
T h e  n e t  e c h o s o u n d e r  o r  t r a n s m i t t e r  i s  m o u n t e d  o n  a  
b o a r d  w i t h  e y e - b o l t s  i n  o r d e r  t o  a t t a c h  i t  o n  t h e  h e a d l i n e .
D u r i n g  t h e  m o u n t i n g  a t t e n t i o n  h a s  t o  b e  p a i d  t o  
t h e  f o l l o w i n g  p o i n t s  ;
-  t h e  s o u n d i n g  t r a n s d u c e r  o f  180  k c / s  h a s  t o  b e  
d i r e c t e d  t o w a r d s  t h e  s e a  b o t t o m ,
-  t h e  t r a n s f e r  t r a n s d u c e r  o f  5 0  k c / s  m u s t  b e  d i r e c ­
t e d  t o w a r d s  t h e  s h i p ,
-  t h e  d e f o r m a t i o n  o f  t h e  h e a d l i n e  c a n  b e  a v o i d e d  
b y  m e an s  o f  f l o a t s .
T h e  p o w e r  s o u r c e  o f  t h e  t r a n s m i t t e r  i s  c o m p o s e d  
o f  8 d r y  c e l l s  o r  b a t t e r i e s  o f  1 , 5  V e a c h  c o r r e s p o n d i n g  t o  a  
v o l t a g e  o f  12 V. T h e  b a t t e r i e s  w o r k  f r o m  t h e  moment t h a t  t h e  
t r a n s m i t t e r  i s  i m m e r s e d  i n  a  d e p t h  o f  10 m. T h e  n e t  e c h o s o u n d e r  
r e q u i r e s  a  v o l t a g e  c o m p r i s e d  b e t w e e n  8 a n d  12  v o l t s .  ¥ h e n  t h e  
v o l t a g e  b e c o m e s  l o w e r  t h a n  8 v o l t s  t h e  b a t t e r i e s  h a v e  b e  r e ­
p l a c e d  .
T h e  r e p l a c e m e n t  o f  t h e  s p e n t  b a t t e r i e s  i s  v e r y
s i m p l e .
ANNEX I I
PROGRAMMES FOR 1 968
F R A N C E
L a b o r a t o i r e  de P a r i s
Thème de r e c h e r c h e  s Pêche de l a  s a r d i n e  dans l e  g o l f e  de Cascogne.
Connaissances  a c q u i s e s .
Ce programme s ' i n s c r i t  dans l e  c a d r e  des  r e c h e r c h e s  s u r  l a  
pêche des  e sp èces  p é l a g i q u e s  de l a  zone c ô t i è r e .
Les é tu d e s  p o r t e r o n t  su r  l e  m i l i e u ,  su r  l a  b i o l o g i e  e t  l ' é c o l o ­
g i e  de l ' e s p è c e  a i n s i  que s u r  l a  t e c h n o l o g i e  de l a  p êch e .
A. Etude du m i l i e u .
Quatre  campagnes s a i s o n n i è r e s  d ' h y d r o l o g i e  d e s  pêches  s e r o n t  
e f f e c t u é e s  dans  l e  g o l f e  de Gascogne. E l l e s  p o r t e r o n t  su r  l a  t e m p é ra tu r  
des  eaux e t  l e  p l a n c t o n .
B . B i o l o g i e  e t  é c o l o g i e .
Les c o n c e n t r a t i o n s  e t  l a  d i s p e r s i o n  des  b ancs  de s a r d i n e s  s e r o n t  
o b se rv ée s  en mer,  à bo rd  du "ROSELYS", en c o r r é l a t i o n  avec l e s  co n d i ­
t i o n s  de m i l i e u .
L 'abondance  des  o eu fs  e t  l a r v e s  de s a r d i n e s  a i n s i  que l e u r  r é ­
p a r t i t i o n  s e r o n t  é t u d i é e s  p a r  l e  l a b o r a t o i r e  de p l a n c t o n  de P a r i s .
C. T echno log ie  de l a  p ê c h e .
i )  Pêche à  l a  l u m i è r e . Les t r a v e a u x  en c o u rs  d e p u i s  longtemps 
d é j à ,  s e r o n t  p o u r s u i v i s  en vue de l ' a m é l i o r a t i o n  des t e c h n i q u e s  d ' a t t r a c  
t i o n  du p o i s s o n  p a r  l a  lu m iè re  a r t i f i c i e l l e .
On c o n n a î t  b i e n ,  m a in t e n a n t ,  l e  comportement des  s a r d i n e s  sous 
une lu m iè re  d ' u n e  i n t e n s i t é  donnée,  p r o d u i t e  au moyen de lampes à 
i n c a n d e s c e n c e .
Des e s s a i s  on t  également é t é  f a i t s  en 1967 au moyen de lampes 
à  vapeur  de m ercu re .  B ien  q u ' i l s  a i e n t  é t é  p r o m e t t e u r s ,  ces  e s s a i s  
d o iv e n t  ê t r e  p o u r s u i v i s .
On t e n t e r a  a u s s i  de se  p r o c u r e r  des  lampes f l u o r e s c e n t e s ,  non 
encore  expé r im en tée s  en F r a n c e ,  mais que l e s  p ê ch e u rs  j a p o n a i s  u t i l i s e n t  
apparemment avec  s u c c è s .
Au c ou rs  de chaque e s s a i ,  des  mesures de t u r b i d i t é  e t  de  p h o to -  
m é t r i e  s e r o n t  f a i t e s  e t  l e s  c o n d i t i o n s  h y d ro lo g iq u e s  e t  m é téo ro lo g iq u es  
s e r o n t  o b s e r v é e s .
2) Pêche à  l ' é l e c t r i c i t é . Au co u rs  de l ' a n n é e  p a s s é e  des  con­
n a i s s a n c e s  t h é o r i q u e s  on t  pu ê t r e  a c q u i s e s  su r  l e  comportement des  p o i s ­
sons dans  un champ é l e c t r i q u e ,  su r  l a  forme e t  l a  d u ré e  des  im p u ls io n s  
n é c e s s a i r e s  pour p rovoquer  l a  t a x i e  anodique  a i n s i  que s u r  l a  forme e t  
l e s  d im ens ions  des  é l e c t r o d e s .  Les r é s u l t a t s  t h é o r i q u e s  d e v ro n t  permet­
t r e  de c o n s t r u i r e  dans  un p roche  a v e n i r  un p r o t o t y p e  de pêche .
Thème de r e c h e r c h e  : mise au p o i n t  d ' u n  c h a l u t  s é l e c t i f  à  l a n g o u s t i n e  e t
m e r l u .
A. C onnaissances  a c q u i s e s .
Le c h a l u t  imaginé  e s t  d é r i v é  du d i s p o s i t i f  de s é l e c t i v i t é  du 
c h a l u t  à c r e v e t t e s  de M. DEVTSMES. Ce d i s p o s i t i f  e s t  cependan t  i n v e r s é  
c a r  l ' o n  s a i t  que l e s  j e u n e s  m er lus  e t  l e s  l a n g o u s t i n e s  son t  souvent 
péchés  s im u l tan ém en t .  Or,  nos e x p é r i e n c e s  on t  montré que l e  m er lu  a 
t en d an ce  à  nager  v e r s  l a  p a r t i e  s u p é r i e u r e  du c h a l u t .  I l  f a u t  donc u t i ­
l i s e r  ce  ty p e  de comportement pour f a v o r i s e r  l ' é v a s i o n  des  j e u n e s  merlus  
v e r s  une poche s u p é r i e u r e ,  t a n d i s  que l e s  l a n g o u s t i n e s  s e r o n t  d i r i g é e s  
v e r s  une poche i n f é r i e u r e .
B . Programme de t r a v a i l .
Les p re m ie r s  e s s a i s  ont é t é  e x é c u té s  d u ra n t  l a  deuxième qu in ­
z a in e  de Mars.  I l  en a é t é  b r ièv em en t  r en d u  compte à  Os tende .  Des e s ­
s a i s  com plém enta i res  s e r o n t  r e p r i s  dans  l e  c o u ra n t  de l ' a n n é e  a p r è s  mo­
d i f i c a t i o n  du c h a l u t .
L a b o r a t o i r e  de Boulogne-sur-M er  
T ech n o lo g ie  des  eng ins  de p ê c h e .
A. Connaissances  a c q u i s e s ,  problèmes posés ,  r e c h e r c h e s  e n v i s a g é e s .
L ' i n s t a l l a t i o n  d ' u n  nouveau t r e u i l  p l u s  p u i s s a n t  su r  l a  
T h a la s s a  p e r m e t t r a  de r e p r e n d r e  l e s  e s s a i s  de pêche  p é l a g i q u e  dans  de
m e i l l e u r e s  c o n d i t i o n s .  On p r o j e t t e  également d ' a c q u é r i r  des  a p p a r e i l s  
d e s t i n é s  à  é t u d i e r  l ' é q u i l i b r e  du gréement en c h a l u t a g e  de fo n d .
Les p re m iè re s  o b s e r v a t i o n s  su r  m aq u e t te s  r é a l i s é e s  dans l e  
b a s s i n  de l a  Chambre de Commerce, au c o u r s  du 2ème s e m e s t r e  de 1967 ? 
ont f o u r n i  des  données  i n t é r e s s a n t e s  s u r  l e  comportement de d i v e r s  
e n g i n s .  Ces o b s e r v a t i o n s  s e r o n t  com plé tées  en I 968 p a r  des  e s s a i s  p o r ­
t a n t  sín? d ' a u t r e s  t y p e s  de c h a l u t s  e t  de panneaux.
L ' é t u d e  des  v a r i a t i o n s  de l a  t r a î n é e  e t  de l a  poussée  s ' e x e r ­
ç an t  su r  l e s  panneaux en f o n c t i o n  de l ' a n g l e  d ' a t t a q u e  s e r a  e n t r e p r i s e  
e l l e  com por te ra  en p a r t i c u l i e r  une comparaison  au p o i n t  de vue hydrody­
namique des  panneaux r e c t a n g u l a i r e s  e t  d e s  panneaux o v a l e s .
B . Programme de t r a v a i l .
— En mer :
T h a la s s a  -  Les e s s a i s  de c h a l u t  p é l a g i q u e  e t  l e s  mesures su r  l e  
t r a i n  de pêche p o u r r o n t  ê t r e  r é a l i s é s  en t a n t  q u ' o b j e c t i f s  complémen­
t a i r e s  de l a  campagne ha reng  (15 aoû t  -  15 o c t o b r e ) .
-  Au l a b o r a t o i r e  s
Les t r a v a u x  su r  m aque t te s  s e r o n t  p o u r s u i v i s .  D ' a u t r e  p a r t  l e s  
données  t h é o r i q u e s  su r  l a  f i l t r a t i o n  e t  l a  t r a î n é e  d e s  f i l e t s  de  pêche 
s e r o n t  p r é c i s é e s .
C. R é s u l t a t s  e sco m p té s .
Les e s s a i s  de c h a l u t  p é l a g i q u e  su r  l a  T h a l a s s a  on t  p r i n c i p a l e ­
ment pour  o b j e t  l ' a p p r é c i a t i o n  de l a  r e n t a b i l i t é  de c e t t e  méthode de 
pêche dans  l e s  p ê c h e r i e s  de ha reng  de l a  Mer du Nord.
Les o b s e r v a t i o n s  su r  m aque t tes  d o iv e n t  f o u r n i r ,  s u r  l e  f o n c t i o n  
nement des  e n g in s  de p êche ,  des  données  p r é c i s e s  qu i  p o u r r a i e n t  ê t r e  
v é r i f i é e s  pa r  des  mesures  en mer dans  l e s  c o n d i t i o n s  norm ales  de pêche .
On peu t  r a p p e l e r  i c i  l e  t r a v a i l  e n t r e p r i s  s u r  l e s  méthodes de 
pêche r é g i o n a l e s  5 des  o b s e r v a t i o n s  on t  d é j à  é t é  e f f e c t u é e s ,  en p a r ­
t i c u l i e r  p a r  MAUCORPS (pêche  du hareng  au c h a l u t - b o e u f ) ,  PORTIER 
(pêche  du maquereau au c h a l u t  s em i -p é l ag iq u e )  e t  LAMOLET ( c h a l u t a g e  
de l a  c r e v e t t e ) . Ces o b s e r v a t i o n s  s e r o n t  p o u r s u i v i e s  e t  com plé tées  
dans l e  c o u ra n t  de 1968 .
4 .
E N G L A N D
Programme of  f i s h i n g  g e a r  i n v e s t i g a t i o n s  a t  t h e  F i s h e r i e s  L a b o r a t o r y ,
Lowes tof t
F i t t i n g  of s h ip - b o r n e  s e c t o r - s c a n n i n g  sonar  on R.V. CLIONE.
The r e - c o n s t r u c t i o n  i n  t h e  p a r t  o f  t h e  s h i p  helow t h e  f o r e - d e c k  
i n c o r p o r a t i n g  a tube  from t h e  f i s h i n g  deck  v e r t i c a l l y  down th ro u g h  th e  
h u l l  and opening  t o  t h e  sea  ha s  a l r e a d y  heen  co m ple ted .  The s t a b i l i z a ­
t i o n  mechanism w i l l  be  f i t t e d  and t e s t e d  i n  J u n e .  The e l e c t r o n i c  appa­
r a t u s  w i l l  be  i n s t a l l e d  i n  J u n e - J u l y  and s ea  t r i a l s  and o p e r a t o r  t r a i n ­
i n g  w i l l  be  conducted  th ro u g h  August and Sep tem ber .
The s e c t o r - s c a n n i n g  sonar  w i l l  be  used  f o r  f i s h  b e h a v io u r  s t u d i e s  
i n  September.
Aimed f i s h i n g .
R.V. CLIONE and R.V. CORELLA w i l l  work t o g e t h e r  on aimed f i s h i n g  
w i t h  p e l a g i c  t r a w l s  i n  A ugus t -S ep tem ber . Both  s h i p s  w i l l  u se  c onven t iona l  
sonar  and 800 or  1200 mesh s i n g l e - b o a t  t r a w l s .  Underwate r  t e l e v i s i o n  and 
a m u l t i - d i r e c t i o n a l  t r a n s d u c e r  a p p a r a t u s  w i l l  a l s o  be  u s e d .  The main 
p u rp o ses  w i l l  be  t o  improve s o n a r - u s i n g  t e c h n i q u e s  and t o  s tu d y  t h e  r e a c ­
t i o n s  of  f i s h  s h o a l s  t o  t r a w l s  and t r a w l e r s .
P u r s e - s e i n i n g .
One s h o r t  voyage of  R.V. CORELLA i n  May w i l l  b e  devo ted  to  
p r a c t i s i n g  p u r s e - s e i n i n g .
Bottom t r a w l  i n v e s t i g a t i o n s .
I n  October-November, R.V. CORELLA w i l l  u se  i n s t r u m e n te d  bot tom 
t r a w l s  t o  s tu d y  t h e  e f f e c t s  of t i c k l e r  c h a i n s .  The u n d e rw a te r  t e l e v i s i o n  
and s t i l l  cameras  w i l l  a l s o  be  used on t h e  t r a w l s .
I n  c o l l a b o r a t i o n  w i th  t h e  Marine L a b o r a to r y ,  Aberdeen t h e  ®ol- 
l e c t e d  d a t a  from t h e  p a s t  few y e a r s '  s e r i e s  o f  d i s t a n t - w a t e r  bo t tom 
t r a w l  com para t ive  f i s h i n g  exper im en ts  w i l l  be  p re p a re d  f o r  p u b l i c a t i o n .
5 .
B E L G I U M
F i s h e r i e s  R esea rch  S t a t i o n
Study of  shrimp n e t s  w i t h  d i f f e r e n t  t a p e r  r a t i o s  i n  f u n c t i o n  
o f  t h e  c a t c h  c a p a c i t y  and t h e  d ra g .
S tudy of  t h e  Behaviour of  shrimp n e t s  equipped w i t h  a s i e v e .  
D e te r m in a t io n  o f  t h e i r  s e l e c t i v i t y .
C ur ren t  measurements  i n  d i f f e r e n t  p a r t s  of  t h e  shrimp t r a w l  
to  o b t a i n  an i n s i g h t  i n t o  t h e  r e p a r t i t i o n  of t h e  sp e e d s .
S e l e c t i v i t y  of  a s e m i - p e l a g i c  t r a w l  f o r  cod end w h i t i n g .
Study of  t h e  s e c u r i t y  system f o r  beam t r a w l  f i s h i n g  v e s s e l s .
6 .
G E R M A N Y
1. C o n t in u a t io n  o f  t e s t i n g  and d ev e lo p in g  t h e  new com bina t ion  bottom 
and midwater t r a w l  on h e r r i n g  and round f i s h  under  d i f f e r e n t  
f i s h i n g  c o n d i t i o n s ,  i n c r e a s e  of t h e  n e t  s i z e .
2 .  T e s t i n g  of  t h e  meanwhile improved e l e c t r i c a l  f i s h i n g  equipment 
i n  com bina t ion  w i th  bot tom and midwater t r a w l s .
T h i s  p r o j e c t  i s  conducted  i n  c l o s e  c o - o p e r a t i o n  w i t h  t h e  amer ican  
f i r m  SMITH RESEARCH & DEVELOPMENT COMP. (Dr .  C. KREUTZER). 
P u b l i c a t i o n  of  r e s u l t s  may to  a c e r t a i n  e x t e n t  be  r e s t r i c t e d .
3 .  F u r t h e r  improvement of midwater t r a w l i n g  i n  p a r t i c u l a r  w i th  r e g a r d  
to  e l e c t r o n i c  and a c o u s t i c  means f o r  more a c c u r a t e  "a iming” .

